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Preface 


Volume 54 of Advances in Heterocyclic Chemistry is a monograph 
volume, i.e., it is devoted to a single subject, the aminomethylenemalo- 
nates. 

Aminomethylenemalonates are of great importance in heterocyclic 
synthesis and have been used in the preparation of a very wide variety of 
heterocycles. The chemistry of this group of compounds has not been 
reviewed in more than 50 years. The present treatment by Istvan Hermecz 
and colleagues, Geza Kareszturi and Lelle Vasvari-Debreczy,provides a 
comprehensive overview. 

After an introductory section, work from the 19th century is briefly 
considered and subsequent sections discuss in turn the structure and 
physicochemical properties of the aminomethylenemalonates, their prepa¬ 
ration, and, in the largest sections, the application of the aminomethylene¬ 
malonates to heterocyclic synthesis. 

The large literature on cyclization reactions of aminoalkylidene- 
malonates is surveyed in order of the various ring systems that are 
formed. Of particular importance are the preparations of 4-hydroxyquino- 
line derivatives and of the corresponding naphthyridines. But a wide 
variety of other bicyclic heterocycles has also been prepared by methods 
of this type, as have tri- and polycyclic analogs. 

An appendix systematically lists references to reactions of dialkylalkoxy- 
malonates with amines, including not only the common aliphatic and 
aromatic amines, but also a very wide variety of heterocyclic amines 
classified according to ring system. The appendix also provides systematic 
references to the different ring systems obtained by ring closure of the 
dialkylaminomethylenemalonates. The appendix should be used in con¬ 
junction with the subject index; a separate subject index is provided for 
this monograph volume. 


A. R. Katritzky 
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Chapter 1 


Introduction 


Among the aminomethylenemalonates, the /V-aryl and A-hetaryl deriva¬ 
tives and their cyclization products are of great importance in organic 
chemistry, as some of them are key intermediates in the synthesis of 
different 4-aminoquinoline antimalarials (Scheme 1), in the preparation 
of anticoccidial 6,7-dialkoxy-4-hydroxyquinoline-3-carboxylates (Scheme 
2), and in the production of antibacterial agents of the nalidixic acid type 
(Scheme 3). 

Research to produce effective antimalarial agents was at the focus of 
medicinal chemistry in the early 1940s (46MI1), while the search for anti¬ 
coccidial quinolines was very active in the 1970s (88MI10). The discovery 
in 1962 of nalidixic acid, a new type of antibacterial agent, initiated intense 
international competition to synthesize more effective agents with broader 
spectrums (77MI1). These research efforts led to the appearance of the 
third generation of nalidixic acids: norfloxacin and pefloxacin and others 
(88MI8). 

The aim of this review is to survey the chemistry and, in particular, the 
use in heterocyclic synthesis of aminomethylenemalonates (1) and their 
cyclic esters (2), where R 1 and R 2 or R 2 and R 3 may likewise form a ring. 
Some early reviews in this field merely touched on certain aspects of 
the chemistry of aminomethylenemalonates and did not treat the subject 
systematically (48CRV43). 



COOEt 


CH2CH2R 1 R 1 = H ; Chloroquin 
R = -CH 2 (CH 2 ) 3 N^^ R’= OH; Hydroxychloroquin 



R 2 = NEt 2 ; Amodiaquin 
R 2 = {] ; Amopyroquin 


Scheme 1 
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COOEt 

NH-CH=C 


dooEt 



R = R'= iBu; Buqumolat 
R = decyl, R' = OEt; 
Decoquinat 


Scheme 2 
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COOEt 


Me^N^NH-CH=C 

6 

R Y\ COOEt 



Et 


R=R’=-0CH2O- Oxolinic Acid 
R = H, R'= A -pyridyl Rosoxacin 


N^jl COOEt 

R A N X NH -CH=C 



it 


R= pyrrolidino ; Piromidic Acid 
R = piperazino, Pipemidic Acid 



R COOEt R'rCt.F k R 2 N^J r 

R= Et, X = CH , R 2 = H ; Norfloxacin R = Et, X = N , R J = H; Enoxacin 

R = Et X = CH , R 2 = Me; Pefloxacin R = X = -CH(Me)CH 2 0-C=, Ofloxacin 


Scheme 3 
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COOEt Ofloxacin 


Scheme 3 (continued) 

The primary chemical literature has been surveyed up to the end of 
1990. Chemical Abstracts subject and chemical substance indexes have 
been searched up to and including Volume 110. References appeared in 
Volumes 111 and 112 and a few more references from the later literature 
have been added to the Appendix (Chapter 7, Section D). 


R 3 C00R 

R* 'c = c' 

Vi 'coor 

R< 

(1) 


R w C = < X 

N ,C—0 R 


After the introductory section, work from the 19th century is briefly 
considered. The subsequent sections discuss in turn the structure and 
physicochemical properties of aminomethylenemalonates (1 and 2), syn¬ 
theses, the cyclization of the title compounds, and other reactions of 
aminomethylenemalonates. 
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Chapter 2 


Work in the Nineteenth Century 


The first derivative ( 4 ) of aminomethylenemalonates ( 1 ) was prepared 
in 13% yield by Just through the reaction of diethyl sodiomalonate and 
imidoyl chloride (3) in diethyl ether (1885CB319, 1885CB2623). Disubsti- 
tuted malonate ( 5 ) was also isolated from the reaction mixture in 9% yield. 


NPh 

^ COOEt p h ^ / C00Et Ph-C / C00Et 

Na CH" — C = C + C 

COOEt PhHN ' 'cOOEt ph ' E C00Et 

NPh 

14) (5) 

Imidoyl chlorides of toluidines and naphthylamines were also applied 
(1886CB979). To avoid the formation of the disubstituted malonates, 2 mol 
of sodiomalonate was reacted with 1 mol of imidoyl chlorides (1886CB979). 

When diethyl (arylamino)phenylmethylenemalonates (6) were heated in 
aqueous hydrochloric acid, only acetophenone and the corresponding 
amine were obtained (1885CB2623; 1886CB979), but quinoline-3-carboxyl- 
ates (7) were the products in the melt when 6 was heated to above 150°C 
(1885CB2632; 1886CB1541). 


Ph 

N 

c-ci ♦ 

Ph 



Ruhemann et al. obtained diethyl aminomethylenemalonates (9) in the 
reactions at ambient temperature of diethyl diethoxycarbonylglutaconate 
(8, R 2 = H) with aqueous ammonia, primary and secondary aliphatic 
amines and diamines, benzylamine, piperidine, aniline, and aromatic di¬ 
amines (1891JCS743; 1892JCS791; 1894CB2743; 1895CB822; 1897CB2022). 
At higher temperatures, or during a longer reaction period, one of the ester 
groups in 9 also reacted with amines to give a malonamate derivative (10) 
(1892JCS791; 1894CB2743). 
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EtOOC COOEt /R 2 r 2 COOEt 

R-C- CH = C ♦ HN -- N-CH=C 

EtOOC COOEt ' Rl & COOEt 


(8) 


(9) 


In o-phenylenediamines, only one of the amino groups reacted with 
compound 8 (R = H) to give N-(2-aminophenyl)aminomethylenemalo- 
nates ( 11 , R = H), whereas both amino groups in m- and p-phenylenedia- 
mines reacted (1895CB822; 1897CB2022). 


CONHR 


COOEt 

l *^NH-CH=C 

COOEt 


(10) 


(111 


Aminomethylenemalonate ( 9 , R 1 = R 2 = H) was prepared from the ben¬ 
zyl derivative of diethoxycarbonylglutaconate (8, R = PhCH,) with am¬ 
monia (1891JCS743). Depending on the reaction conditions, Gutzheit and 
Band also prepared aminomethylenemalonates ( 9 , R 1 = H, Ph; R 2 = H) 
and their monoamides ( 10 , R = H, Ph), in addition to the corresponding 
malonamide, by using aqueous ammonia and aniline (1895LA108; 
1897CB1757). 

When diethyl aminomethylenemalonate ( 9 , R 1 = R 2 = H) was reacted 
with aqueous ammonia at 100°C in a closed tube, malonamide was ob¬ 
tained. Decomposition of 9 (R 1 = R 2 = H) also occurred on the action of 
boiling aqueous barium hydroxide (I892JCS791). 

The reaction of diethyl aminomethylenemalonate ( 9 , R 1 = R 2 = H) and 
aniline gave a mixture of N-phenylaminomethylenemalonamate (12) and 
malonanilide (1894CB2743). When phenylaminomethylenemalonamate 
( 12 ) was reacted for a prolonged time with aniline, malonanilide and N,N'- 
diphenylformamidine were obtained (1894CB2743). 


^°° Et PhNHj r™ 
PhNH-CH=C -— CHj 

ioNHPh CONHPh 


^NHPh 


(12) 



WORK IN THE NINETEENTH CENTURY 


The reaction of diethyl aminomethylenemalonate (13) with hydrazines 
afforded pyrazolonecarboxylates (14) (1894CB2743). 


COOEt 

H2N-CH=C ♦ RNHNH 
COOEt 

(13) 


In 1897, Claisen and Haase prepared amino- and N-phenylaminomethy- 
lenemalonates (9, R 1 = H, Ph; R 2 = H) in the reactions of diethyl ethoxy- 
methylenemalonate (EMME) with ammonia and aniline (1897LA75). This 
reaction and its “one-pot” version later became the basic synthetic meth¬ 
ods for preparing aminomethylenemalonates (1) (see Sections IV,A,1 and 
IV,A,2). 
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Chapter 3 


Structure of Aminomethylenemalonates 


The aminomethylenemalonates (1 and 2) may exist in imine or enamine 
tautomeric forms of R 1 or R 2 is a hydrogen atom. In some early papers, 
the imine tautomer (see below) was given for the structure of the products, 
usually without any explanation or evidence (e.g., 1885CB319; 37JCS867; 
49JIC171; 88KGS931). 


R 3 COOR 

) C= ( 

R J -N / YoOR 

H 

enamine 


R 3 ^COOR 

Y-CH 

r 2 -u Yoor 


imine 


Since 1960, almost all papers have provided at least some spectroscopic 
evidence that these compounds (1 and 2) exist as the enamine tautomer in 
solid phase or in solution. Imine tautomers have been detected for only 
those aminomethylenemalonates in which R 2 and R 3 formed a ring (e.g., 
83IZV1687, 83MI2; 88ZOR1793). This chapter will examine only cer¬ 
tain papers in which details of spectroscopic investigations or quantum- 
chemical calculations are given. 

The lowest-energy UV maximum of aminomethylenemalonates (1 and 
2) appears above 280 nm; it may be assigned to the 7r-7r* transition (e.g., 
69JA6683; 76ACH91; 78MI5, 78T2321; 79JST77). Uray et al. determined 
empirical additive group constants to predict the UV maxima of amino¬ 
methylenemalonates (1 and 2) (79JST77). 

Infrared investigations on N-monosubstituted aminomethylenemalo¬ 
nates (1, R 1 or R 2 = H) have revealed that the conformation E,Z is pre¬ 
ferred in crystal lattices, whereas in solutions in nonpolar solvents, these 
compounds exist as the conformations E,Z and Z,Z in temperature- 
and concentration-dependent equilibria [79JCS(P2)1376; 81JCS(P2)561; 
87JCS(P2)301]. These conformations can be distinguished via the carbonyl 
frequencies in their spectra (see Scheme 4). In the solid state, these com¬ 
pounds sometimes adopt the Z,Z conformation, in which a strong coupling 
may exist between the two carbonyl groups. This is indicated by a fre¬ 
quency separation of 50-60 cm -1 . 

The IR spectra indicated that in the N.N-disubstituted derivatives, the 
Z,E form is more likely both in solid state and in solution [73JCS(P2)657; 

9 
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R0 \ 

C=0 J c( r 1685 cm' 

'c=c 

-N^ V-OR 
V-0 vj.-1650-1670 cnf 1 

E.Z 


0 ^ 1730 cm' 1 

\ / C-0R 

a')"’" 

z.z 


o ^co~ 1690 cm 
H ^C—OR 

,C = C 

R — N \ J co - 1730 cm ' 

R 1 EtO / \ (twisted) 

Z. E 


0 *}„- 1730 cm 1 

Vo 

>= C K X 

-N C—0 

V / x) [(r 1650-1680 cm 1 

z.z 


Scheme 4 


79JCS(P2)1376]. In this conformation, the c/s-carbonyl is usually twisted 
from the plane of the C=C bond and the trans-carbonyl group. Data on 
the Raman spectra of aminomethylenemalonates were also presented in 
some papers [79JCS(P2)1376; 81JCS(P2)561; 87JCS(P2)301]. 

In the 'H-NMR spectra, the signal of the vinyl proton in compounds 1 
and 2 (R 3 = H) may appear in the range 7.2-8.5 ppm for N-unsubstituted 
and N-alkyl-substituted aminomethylenemalonates (1 and 2) [e.g., 
69JA6683; 73IZV2013; 74OMR240; 78T2321; 79JST77, 79RRC1143; 
81 JCS(P2)561; 88JCS(P1)863, 88JCS(P1)869] and in the range 7.8-9.5 ppm 
for A^-(het)aryl-substituted aminomethylenemalonates (1 and 2 ) [e.g., 
67TL2957; 71JOC219; 76ACH91; 79JHC1021, 79JST77, 79RRC1143; 
81 JCS(P2)561; 83BSF66; 88JCS(P1)863, 88MU3; 89CCC713, 89MI3]. 

In the N-monosubstitutedaminomethylenemalonates (land 2 ; R 1 = H), 
a relatively strong intramolecular hydrogen bond exists between the NH 
group and the oxygen atom of the c/s-carbonyl group. The chemical shift 
of the NH group appears between 9.1 and 9.7 ppm for compounds in 
which R 2 is an alkyl or aralkyl group [e.g., 79RRC1143; 81 JCS(P2)561; 
87JCS(P2)301; 88JCS(P1)863] and appears above 10.0 ppm for compounds 
in which R 2 = (het)aryl [e.g., 67TL2957 ; 71JOC219; 78MI5; 79JHC1021; 
81 JCS(P2)561; 87JCS(P2)301], 

The high coupling constant 3 Jnh.ch “ *3 Hz indicates the trans orien¬ 
tation of the hydrogen bonded to the amino group and the vinylic hydro¬ 
gen [e.g., 67TL2957; 71JOC219; 79JHC1021, 79JST77, 79RRC1143; 
81 JCS(P2)561; 87JCS(P2)30I]. The coupling constant ‘./i 5 N _h points to an 
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extensive n,7r-interaction between the nitrogen lone pair and the C=C 
double bond in aminomethylenemalonates (Table I) (67T1489). 

Some papers contain l3 C-NMR data [e.g., 78IZV2301; 80CB2545; 
88JCS(P1)863, 88JCS(P1)869, 88MI13; 89CCC713, 89MI3], l3 C CP-MAS 
NMR data in the solid state (89MI3), and mass spectral data [e.g., 
79JHC1021, 79RRC1143; 88JCS(P1)863, 88JCS(P1)869] on aminomethyl¬ 
enemalonates. Extensive dynamic 'H-NMR studies on aminomethyl¬ 
enemalonates revealed the existence of enhanced energy barriers to rota¬ 
tion around the C—N bond [e.g., 67TL3259; 68TL5923; 69JA6683; 
73IZV2013; 74OMR240; 78ACS(B)421, 78T2321; 80CB2545; 

88JCS(P1 )869] and an associated reduction of the energy of rotation around 
the C=C bond (see Table II). Both energy barriers are extremely sensitive 
to the nature of group R 3 . 

The activation energy data suggest that the isomerization around the 
C=C bond occurs in a dipolar rather than a biradical transition state. 

In the ground state, aminomethylenemalonates possess an essentially 
planar geometry, which maximizes the electron delocalization in the mole¬ 
cules. In the heteropolar transition state, the plane of the groups R 3 and 
NR'R 2 and the plane of the two carbonyl groups occupy orthogonal posi¬ 
tions. More details of the dynamic and static stereochemistry of push-pull 
ethylenes, as in compounds 1 and 2, are discussed in two excellent reviews 
(73TS295; 83TS83). 

The heteropolar transition state was also predicted by semiempirical 
quantum-chemical calculations (78T2315). The ground-state properties of 


TABLE I 

15 N-NMR Data on Aminomethylenemalonates" 


3 7hi2)-H(*)IHz) 


R CDC1 3 DMSO-<4 CDCIj DMSO-t4 CDCI, 


References 


H 275.4 269.6 93.5 15.7 86ZC404 

Ph 251.8 251.8 91.9 92.7 86ZC404 

Ph 91.4 ± 0.2 13.7 67T1489 


“ Me' s NO, 


external standard. 




TABLE II 

Free-Energy Barries to Rotation about the C=C and C—N Bonds of Aminomethylenemalonates 



"c=c^ 

AG*(kJmol _l ) 


Et 

H H 

H 

93.5 ± 2.5(0010 

- 

DMSO-<4 

85ZC287 




90.0 ± 2.5(CH 3 ) 




Et 

H Pr 

H 

86.2 ± 2.5(OCH ; ) 

- 

dmso-</ 6 

85ZC287 




84.2 ± 2.5(CHj) 




Me 

Me Me 

H 

65.3 

55.7 

CH 2 C1, 

67TL3259 




66.2 ± 1.7 

54.0 ± 0.84 

CH 2 C1 2 

78T2321 




52.00 ± 0.13 

55.10 ± 0.41 

CDjOD 

73IZV20I3;74OMR240 




63.89 ± 0.17 

55.23 ± 0.41 

CDC1 3 

73IZV2013 ;74OMR240 

Et 

Me Me 

H 

66.99 

54.43 

ch 2 ci 2 

67TL3259 

:C(Me) 2 

Me Me 

H 

- 

85.9 ± 1.2 

PhnO 

80CB2545 

Me 

Et Et 

H 

59.87 ± 2.5 

55.27 ± 0.84 

CHiCli 

78T2321 

Me 

/Pr (Pr 

H 

54.01 ± 1.7 

55.27 ± 0.84 

CH-iCL 

78T2321 

Me 

—(CH,)j— 

H 

97.14 

30.57(a) 

c 4 C4 

78T2321 

Me 

—(CH,) 3 — 

H 

80.39 ± 2.51 

60.29 ± 0.84(a) 

l-Chloro- 

78T2321 





naphthalene 


Me 

—(CH 2 ) 4 — 

H 

73.27 ± 1.68 

60.29 ± 0.84(a) 

C 6 H,Br 

78T2321 

Me 

-(CH 2 ) 5 - 

H 

61.13 ± 2.51 

51.08 ± 0.84 

CH 2 C1 2 

78T2321 



Me 

Me 

Me Me 

38.1 

36.4 

CH,C1„ 

69JA6683, 69JA6689 






(CD,) 2 CO 


Me 

Me 

Me SMe 

25 

42.5 

CHC1 2 F 

78ACS(B)421 




39.4(OMe) 


(CD,),CO. PhMe, 

69T4649 






CH,C1, 





37.2(NMe,) 


(CD,),CO 

69T4649 

Me 

Me 

Me NMe, 

- 

58.6 

CHCI,F 

78ACS(B)421 

Me 

H 

Ph H 

92.9 ± 1.0 


dmso-</ 6 

85ZC287 




83.32 


PhCN 

83BSF66 

Et 

H 

Ph H 

93.9 ± 2.0(OCH,), 


DMSO-</ 6 

85ZC287 




92.9 ± 1.5<CH,) 

82.9 


c 6 d s no 3 

76ACH91 

Et 

H 

3-EtO H 

81.65 


c 6 d,no : 

76ACH91 



4-AcOPh 





Me 

Me 

Ph H 

81.23 


CHBr, 

67TL3259 




71.04 


PhCN 

83BSF266 

Me 

Me 

Ph Me 

41.87 


(CD),CO 

69JA6683, 69JA6689 

Me 

Me 

4-MeOPh H 

77.46 


CHBr, 

67TL3259 

Me 

Me 

4-NOiPh H 

92.53 


CHBr, 

67TL3259 

Me 

H 

Ph SMe 

50.24 


CH-.CI, 

69T4649 

Me 

Me 

Ph SMe 

35.6 


(CDj)iCO 

69T4649 

Me 

Me 

4-NO-.2Ph SMe 

41.5 


(CD,),CO 

69T4649 

Me 

Me 

—(CH,),— 

41.03 


(CD,),CO 

69JA6683 

Me 

CH,Ph 

—<CH,),— 

41.87 


(CDj)iCO 

69JA6683 

Me 

Ph 

—(CH,),— 

57.36 


(CDjFCO 

69JA6683, 69JA6689 

Me 

H 

—CH : CH,S— 

93.4 


PhMe 

69T4649 

Me 

Me 

—CH,CH,S— 

39.4 


PhMe 

69T4649 
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Scheme 5A 


compounds 15 and 16 were calculated by the INDO method (78T2315) (see 
Table III) in terms of the structure and charge population of the transition 
state for rotation about the C=C bond. The calculated ground-state prop¬ 
erties of 15 were in agreement with experimental results [73JCS(P2)657; 
80IZV402], and the calculated properties of the transition state for rotation 
about the C=C bond were also found to be similar in 2 H-NMR experi¬ 
ments. 


H COOMe 

Me-t( ''COOMe 

V Me 
(15) 


H COOMe 


V N 


'COOMe 


(16) 


During the rotation about the N—C= bond, the interaction between the 
nitrogen lone pair and the rest of the molecule is destroyed, and the 
nitrogen atom adopts a pyramidal configuration. In the transition state for 
rotation about the N—C bond, the nitrogen lone pair and the C=C double 
bond system occupy orthogonal positions. 

The 7r-electron density and charge distribution of some aminomethyl- 
enemalonates have been estimated via semiempirical quantum-chemical 
calculations (72ACH281; 78IZV2301; 79RRC1143). X-Ray crystallo¬ 
graphic studies indicated a nearly planar structure of N, (V-dimethylamino- 
methylenemalonate ( 15 ); the nitrogen atom was planar and the cis- 
carboxyl group was twisted from the main molecular plan [73JCS(P2)657]. 
Some bond lengths are tabulated in Table III. 

The tautomerism of 2-pyridylmalonate, 2-pyrazinylmalonate, 3-pyridaz- 
inylmalonates ( 17 ), 2-pyrimidinylmalonates, 4-pyrimidinylmalonates ( 18 ), 
(l,3,5-triazin-2-yl)malonates was studied by Petrenko and Mamaev et al. 
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TABLE III 


Geometric and Charge Population Data on the Ground State and Transition State to 
Rotation about C(2)=C(D of Aminomethylenemalonates (15 and 16) 



(4)0 \\ 





C(2)=C(1) 


^COOMe 



R' MeO A 


COOMe 



Ground State 


Transition 

State 


R = R 1 = Me R = R 1 - Me R 

= R 1 = (CH,), R 

= R 1 = Me R 

= R 1 = (CH0. 

Bond length(pm) 

Expt." Calc.* 

Calc.' 

Calc.' 

Calc.' 

C(2)-C(l) 

138.0(5) 137 

1136.5(4)) 

136 

142 

139 

N - C(2) 

133.7(4) 132 

1133.6(4)) 

137 

132 

135 

C(l)-C(3) 

144.3(4) 

[146.6(4)1 




C(3)-C(4) 

122.3(5) 

[120.6(3)1 




C(l)-C(3) 

148.7(5) 

[147.4(4)1 




C(5)-0(6) 

120.0(5) 

1120.4(4)] 




Conformation of 

Twisted(67°) Twisted(67°) 

Co-planar 

Co-planar 

Co-planar 

COOMe (A) 
Configuration 

Planar Planar 

Nonplanar 

Planar 

Planar 

of N 

77 charge on N 

+ 0.290 


+ 0.494 

+ 0.492 

77 charge on C(l) 

+ 0.142 

+ 0.167 

+ 0.350 

+ 0.348 

77 charge on C(2) 

+ 0.251 

+ 0.1% 

+0.527 

+ 0.532 

77 charge on C(3) 

+0.214 

+ 0.211 

+ 0.217 

+ 0.219 

77 charge on 0(4) 

-0.434 

-0.417 

-0.511 

-0.480 


Ground State 


Transition State 


R = R 1 = Me R = R 1 = Me R = 

R 1 = (CHih R 

R 1 = Me R 

R 1 = (CH4. 

Bond order between 

Expt. Calc. 

Calc. 

Calc. 

Calc. 

N - C(2) 

0.505 

[(0.49)1 

0.429^ 



C(2)-C(l) 

0.787 

1(0.80)1 

0.802 



C(l)-C(3) 

0.358 

0.327 



C(3)-Ot4) 

0.802 

0.794 




" 73JCS(P2K>57; [78IZV402). 
* 78T23I5: [79RRC1143). 

' 78T23I5. 
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TABLE IV 

Equilibrium Mixture of (I-Deoxy-d-Fructoseamino)methylene-malonates (19) 
(Scheme 5) 


Solvent 

Malonate 

/3-Furanose 

(20) 

% 

a-Furanose 

(21) 

/3-Pyranose 

(22) 

a-Pyranose 

(23) 

D 2 0 

Diethyl 

10 

15 


74 

(CD 3 ),SO 

Diethyl 

40 

28 

10 

22 

d 2 o 

Isopropyiidene 

14 

16 


70 




HOHjC 0 CHjNHR 

pL 


HO-CH 
Hi-OH 
HC-OH 
CH2OH 


COOEt 

R=-CH=C 

COOEt 


T V-Me 

COO 



fructopyranose 



(23) 


Scheme 5B 
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(77KGS395; 83IZV1687, 83MI2; 84KGS827, 84KGS832; 88KGS241, 
88ZOR1793, 88ZOR1799, 88ZOR1806). 

(l-Deoxy-D-fructosamino)methylenemalonates (19) exhibited a solvent- 
dependent equilibrium involving several cyclic isomeric forms (20-23) 
(see Scheme 5B and Table IV) (86MI10). 
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Chapter 4 


Syntheses 


A. Syntheses of Dialkyl 1-Aminoalkylidenemalonates 

1. From Amines and Dialkyl 
1-Alkoxyalkylidenemalonates 

The reactions of amines and dialkyl alkoxymethylenemalonates are most 
frequently used to prepare the aminomethylenemalonates. Dialkyl alkoxy¬ 
methylenemalonates react smoothly with amines under a wide variety of 
reaction conditions, usually with high yields (Scheme 6). The reactions 
probably proceed by an addition-elimination mechanism. In some cases, 
the addition products have been successfully isolated. 

When 3-amino-5-methylthio-1,2,4-triazole was reacted with diethyl 
ethoxymethylenemalonate (EMME) in aqueous ethanol at ambient tem¬ 
perature for two days, an addition product (24) was obtained in 38% yield 
instead of a condensation product (62JCS2222). 

Both amino groups of 3,5-diamino-4-phenylpyrazole reacted with 
EMME during 2 min. at reflux [83JCS(P1)11], The amino group at position 
3 underwent a cyclocondensation reaction to form the bicyclic pyraz- 
olo[l,5-a]pyrimidine, while the amino group at position 5 participated in 
an addition reaction to give a (2,2-diethoxycarbonyl-l-ethoxyethyl)amino 
side-chain. Pyrazolo[l,5-a]pyridine (25) was obtained in 27% yield. 

Reaction conditions mainly depend on the reactivity and solubility of 
the amines. Reactions can be carried out in the presence or absence of a 
solvent (e.g., 39JA2890;46JA1264,46JA1268,46JA1277;47JA374) at room 
temperature (e.g., 46JA1277; 48USP2449226; 49BRP62797, 49JCS1017) 
or at elevated temperature, sometimes under an inert atmosphere (e.g., 
46JA1204). In certain cases, the alcohol formed is distilled off (e.g., 
46JA1204, 46JA1264, 46JA1277) or the reaction is carried out under re¬ 
duced pressure (e.g., 46JA1204, 46JA1327; 49BRP627297, 49JCS1017). 

As solvent, alcohols [e.g., 39JA2890; 66JMC774; 69GEP1908542; 
75JCS(P1)1910], water (e.g., 86MI9; 87MI4), aqueous ethanol (e.g., 
69JA6683), dioxane (e.g., 51JA1844; 82HCA2465; 86T3537), diethyl ether 
(e.g., 88EUP269295), methylene chloride (e.g., 48JA4063), hexane (e.g., 
62JOC306), ethyl acetate (e.g., 74NEP11324), benzene (e.g., 51JOC1414; 
56JCS3079), nitrobenzene (e.g., 54JA2429), toluene (e.g., 69GEP1908262; 
87JHC1509), xylene (e.g., 58JCS828; 59MI2; 87JHC215), triethylamine 

19 
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»> 


COOR 

♦ C=C 

fto 'coor 


R\ R 3 COOR 
N-C-CH 
R 1 * OR* COOR 


-R*OH Dl 1 3 / C0 ° R 
-- R \ C=C 

^ ''COOR 


Scheme 6 




N _ r NH-CH-CH-COOEt 

° Et E00Et 

(24) 


Plw_ 

i^n-N^n 


EtOOC Ph >=r N ^ 

: —r hc-hc-hn^n^V^cooei- 

' EWH EtOOC OEt OH 


(e.g., 88JPS458), pyridine (e.g., 77JHC807), dimethylformamide [e.g., 
84JAP(K) 172472], N-methylpyrrolidone (e.g., 78MI2), diphenyl ether (e.g., 
59MI3), Dowtherm A (e.g., 76CPB130, 76CPB1050; 89FES609, 
89FES619), Dowanol DM (e.g., 85JMC298), methyl-phenyl-polysiloxanes 
(e.g., 84GEP3308089), acetic acid [e.g., 75JAP(K)46698; 83M1079], and 
polyphosphoric acid (e.g., 77JHC621) have been used. An acidic or basic 
catalyst is also sometimes applied in the condensation reactions [e.g., 
triethylamine in methanol (68MI1)]. 

Ethoxymethylenemalonate and amines were at times reacted in a high- 
boiling solvent such as Dowtherm A and diphenyl ether, and the amino- 
methylenemalonates formed were cyclized (without isolation) to con¬ 
densed 4-hydroxypyridine-3-carboxylate by further heating (e.g., 
46JA1232, 46JA1268, 46JA1317; 50JCS464, 50JOC1224; 58JCS828; 
70CPB1385). 

The most frequently applied dialkyl alkoxymethylenemalonate is 
EMME. Dimethyl methoxymethylenemalonate (e.g., 48USP2449226; 
66NEP447, 66NEP2994; 67USP3316147; 68BRP1120870; 69JA6683), 
dimethyl ethoxymethylenemalonate (e.g., 69CPB1832; 78JPR937; 

79JOC1811), diethyl methoxymethylenemalonate [e.g., 75JAP(K)49286; 
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QC 


i;ooEt 
:och^h-ch=c 

ioOEt 


Scheme 7 


79LA950], other dialkyl ethoxymethylenemalonates (e.g., 74M1P1; 
76ACH91; 86GEP3519926), ethyl methyl ethoxymethylenemalonate [e.g., 
75JCS(P1) 1517], dibenzyl ethoxymethylenemalonate (e.g., 74MIP1; 
76ACH91). di-(4-methoxybenzyl) (4-methoxybenzyloxy)methylenemalo- 
nate (e.g., 86EUP218423), di-(2-acetoxyethyl) ethoxymethylenemalonate 
(e.g., 85BEP902586), dimethyl 1-ethoxyethylidenemalonate (e.g., 

69JA6683), diethyl (ethylthio)methylenemalonate (e.g., 52LA48) are also 
sometimes used (Scheme 7). 

Aliphatic amines proved to be more reactive than aromatic amines with 
EMME [e.g., 76JCS(P1)1331]. Aromatic amines react more easily than 
the amino portion of the carboxamido group (e.g., 75IJCI275) (Scheme 8). 

The primary amino group reacts much faster than the secondary amino 
group (e.g., 64JMC68, 64JMC487; 70CPB1385; 77GEP2612314; 78GE- 
P2737542). Both 2-nitroaniline and N-methylaniline react less readily than 
aniline with EMME, but if these two groups are present at the same time 
(A r -methyl-2-nitroaniline was used), no reaction occurred at all 
(59JCS2401) (Scheme 9). 

Condensations of secondary amines with EMME generally require a 
higher temperature and a longer reaction time than those of primary amines 
(e.g., 71JHC357; 72HCA1319; 74JMC137). The hydrazino group reacted 
more easily than the amino group with EMME (70CPB1385) (Scheme 10). 


HjNOC^n^NHj 


EMME 


benzene H »N0Cy^yNH-CH=C 
HOCOO 


^^NHPr 


(|00Et 

=C 

COOEt 


,NH 2 

'NHPr 


EMME 


Scheme 8 
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ICH 2 CH 2 NEt 2 NHCH 2 CH 2 NEt 2 

benzene _ 

EMME^h/A (JOOEt 

NH-CH=C 

COOEt 



COOEt 



Scheme 9 


The amidine group reacted more easily than the aromatic amino group 
with EMME in boiling ethanol; besides the condensation, ring closure 
usually takes place to give pyrimidinecarboxylate in good yield (e.g., 
80EUP15772) (Scheme 11). 

Chapter 7 (Section C) lists the amines that have been reacted with 
alkoxymethylenemalonates(R 3 = H). Aminomethylenemalonate (13) was 
prepared in 80% yield from diethyl (ethylthiomethylene)malonate with 
aqueous ammonium hydroxide at 0°C (52LA48). 


A/1 h 
Et-OH 



Scheme 10 
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z=\ r 




9 - 


Scheme II 


a. From Primary Amines 

Tryptamine derivatives (26) were reacted with EMME to give JV-[2-(3- 
indolyl)ethyl]aminomethylenemalonates (27) in nearly quantitative yields 
(77H1699; 79MU). 



(26) R rOMe , R'= Me (27) 



The reaction of additional tryptamine analogues (28) and EMME 
boiling ethanol gave the appropriate aminomethylenemalonates (29) 
97-98% yields [85TL1769; 87JCS(P1)2079, 87T191]. 


R' COOEt 

♦ EMME —- R-SiCH 2 CHjCHjNH-CH=C 

COOEt 


R = R’= Et.OEt 
R = Me, R’=Bu 


in 

in 


COOEt 

♦ EMME -- ROOC-CHjN-CH=C 

R' COOEt 
(32) 


ROOC-CHjNHR 1 
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The reaction of propylamine derivatives (30) with EMME gave amino- 
methylenemalonates (31) in 80-84% yields (82MI7). Aminomethylene- 
malonates (32) were prepared in the exothermic reaction of glycine esters 
and EMME (77H1821). 

The sodium salt of D-phenylglycine was reacted with EMME in boiling 
benzene for 3 hr, and the ethanol was then azeotropically removed to 
give the sodium salt of the aminomethylenemalonate (33) in 50% yield 
[80JAP(K)31040; 81CPB1998; 86MI2]. 


C v-CHCOO ' Na * 

r** * 


EMME -- 




NH-CH=C'^ 

(33) 


The mono- and disodium salts of Cephalosporin C were reacted with 
EMME in aqueous acetone at room temperature for 5-6 hr to give amino¬ 
methylenemalonate (34) (80GEP3002659; 82EUP45717). 


EtOOC 


C00H 


♦ H 2 NCH(CHj)£ 0NH^--- (j*CH-NHCHICH 2 y;0NH._ 

(34) C00H 




EtOOC 
CHtCl, b 
0-5°C Etooi 


: CHNHCHC0NH, 

Ph 


a^~^00'HNEt 


6-(D-2-Phenyl-2-aminoacetamido)penicillin-carboxylic acid was re¬ 
acted with EMME in methylene chloride in the presence of triethylamine 
at 0-5°C to give the triethyiammonium salt of 6-{D-2-phenyl-2-[(2,2- 
diethoxycarbonylvinylamino)-acetamido]} penicillincarboxylic acid (35) 
(74GEP2362978). 

4-Amino-2,2,6,6-tetramethylpiperidine was reacted with EMME in etha¬ 
nol at ambient temperature to yield (4-piperidinylamino)methylenemalo- 
nate (36) (77GEP2612314). 
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NH, + EMME 


T> 


COOEt 

=c 

fooEt 


136) 


The reaction of methyl 2-amino-2-deoxy-a-D-glucofuranoside and di¬ 
methyl methoxymethylenemalonate in water for 5 h gave aminomethyl- 
enemalonate (37) in 92% yield (87MI4). 



On reaction with EMME in methanol at ambient temperature, glyco- 
sylamines gave N-glycosylaminomethylenemalonates (38) in 8-44% yields 
(68MI1). Later, (jS-D-glucopyranosylamino)methylenemalonate was pre¬ 
pared in 86p% yield when the reaction was carried out in a 1 : 1 mixture 
of ethanol and methanol (86MI8). 2-Amino-2-deoxy-a-D-glucopyranose 
hydrochloride was reacted with EMME in the presence of triethylamine 
in boiling methanol and its anomeric /3-D-O-acetyl derivative in dioxane 
to give the corresponding aminomethylenemalonate (39) in 82 and 58% 
yields, respectively (68MI1). 


R = P -0 - glucopyranosyl 
p-D- mannopyranosyl 
p-D - galatopyranosyl 
P-D- xylopyranosyl 
p-L - rhamnopyranosyl 



6 V Cv 
C COOEt 

OEt 

(39) 


R = R*= H , R’ = 0H 
R = R 2 = 0Ac, R’ = H 


The hydrochlorides of 2-aminoglycoses were reacted with alkoxymethy- 
lenemalonate in the presence of sodium carbonate in water at ambient 
temperature (method A) or in the presence of triethylamine in boiling 
ethanol for 0.5 hr (method B) to give aminomethylenemalonates (40). 
Method A afforded higher yields (97-98%) than method B (55-94%) 
(84MI7; 88MI4). 
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COOR J 
♦ R J OCH=C 

COOR J 

R =0H, R 3 =R J = H , R^= Me,Et 
R= R 3 =OMe, OEt. R’*R*=H 
R s R J =H, R’= OMe, R3=Me 




^C' C ''C00R 3 

6r 3 

(40) 


I-Amino-l-deoxy-D-fructose acetate was reacted with dimethyl 
methoxymethylenemalonate in the presence of sodium carbonate in water 
at ambient temperature for 4 hr to give aminomethylenemalonate (19) in 
97% yield; several isomeric forms were present both in the solid state and 
in solution (86MI10) (see Table IV and Scheme 5B). 

The reaction of D-ribosylamine and EMME in methanol at room temper¬ 
ature for 48 hr afforded a mixture of AH/3-D-ribopyranosyl)- and N-(/3 -d- 
ribofuranosyDaminomethylenemalonates (41 and 42) in 48 and 8% yields, 
respectively (88MI1). 



(41) (42) 


The reaction of 1-amino-l-cyclohexen-3-ones with EMME in the 
presence of p-toluenesulfonic acid at 120-135°C for 2-18 hr gave N- 
cyclohexenylaminomethylenemalonates (43) in 71-93% yields [75JHC 
1245; 79JAP(K)119484; 80GEP2947948, 80GEP3008884; 82JHC289], 
When 1-amino-l-cydohexen-3-ones were reacted with EMME in benzene 
at 55-60°C for 1.5-2.0 hr 1-cyclohexenylaminomethylenemalonates (43) 
were obtained in only moderate yields [82JAP(K)116048], 



(43) 


2-Amino- and 5-amino-2,4,6-cycloheptatrien-l-ones were reacted with 
EMME at 140°C for 1.5-2.0 hr to afford (l-oxocycloheptatrien-2- and 5- 
ylamino)methylenemalonates (44 and 45) in good yields (83USP4381304, 
83USP4382088). 
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*cc: 


COOEt 

H-CH=C R = H,Cl,Br, 

COOEt NMeAc 


EtOOC D 

k H -NH-/^r R R = 0H - 0Me ' 

EtOOC X= ^0 OCHjPh 

(45) 


5-Aminosalicylamide reacted readily with EMME in boiling benzene for 
4 hr to give aminomethylenemalonate in 75% yield, but the reactions of 4- 
aminosalicylamide and 4-aminosalicylic acid with EMME in boiling ben¬ 
zene or xylene for 4-24 hr were unsuccessful (751JC1275). However, if 
the sodium salt of 4-aminosalicylic acid was reacted under similar condi¬ 
tions, the required aminomethylenemalonate (46) was obtained. 


COOEt 
NH-CH=C 

COOEt 

(46) 

4-Fluoro-3-(2-methyl-l,3-dithian-2-yl)aniline was reacted successfully 
with EMME in toluene. Toluene was distilled off until the head tempera¬ 
ture reached 120-125°C (84EUP106489; 85EUP153163; 87JHC1509). 

Di-(2-acetoxyethyl) 7V-(4-fluorophenyl)aminomethylenemalonates (47) 
were prepared in the reaction of 3-substituted 4-fluoroaniline and di-(2- 
acetoxyethyl) ethoxymethylenemalonate in the presence of Triton B under 




C00CH 2 CH 2 0Ac 

EtOCH=C 

COOCH 2 CH 2 OAc 


C00CH 2 CH 2 0Ac 

R^kk'NH-CH=C 

COOCH 2 CH 2 OAc 


( 47 ) 
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reflux for 8 hr or in boiling benzene in the presence of Triton B for 30 min 
(85BEP902586). 

3-Aminobenzenesulfonic acid and 3-aminobenzenesulfonyl chloride 
failed to react with EMME (77JMC1001). (Substituted phenylamino)meth- 
ylenemalonates (48) were prepared in the reaction of 2-(5-amino-2- 
alkoxyphenyl)-8-azapurin-6-ones and EMME at 140°C (78GEP2747199; 
82SZP627755). 



(48) 


Ethyl 2-aminopyridinecarboxylates reacted smoothly with EMME at 
120-130°C in 30 min, except the 3-carboxylate, which was reacted at 
150-170°C to give the corresponding 2-pyridylaminomethylenemalonate 
(49) in 78-92% yields (78MI5). 


COOEt 

( 2 + EMME 


a ljOOEt 
NH-CH=C 
iooEt 


2-Amino-3-(A f ,A f -dimethylcarbamoyl)thiopyridine was reacted with 
EMME or di-(4-methoxybenzyl) (4-methoxybenzyloxy)methylenemalo- 
nate at 100-120°C for 1 hr to afford 2-pyridylaminomethylenemalonates 
(50) in 76 and 80% yields, respectively (86EUP218423). 



R = Et, 4-Me0C,H t 


The condensation of 2-amino-6-methylpyridine and EMME was carried 
out in methyl-phenyl-polysiloxanes at 90-100°C to give high-purity (99%) 
diethyl A-(6-methyl-2-pyridyl)aminomethylenemalonate in 97% yield 
(84GEP3308089). 3-Amino-5-(pyridyl)-2-(17/)-pyridones were reacted 
with dialkyl alkoxymethylenemalonates in boiling ethanol for 6.0-6.5 h to 
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give 3-pyridylaminomethylenemalonates (51) in good yields (78USP41 
07315; 79USP4137233; 81CP1103253). 



X = -N= Y = Z = -CH= R = H, Me , R' = H , Me 

X=Z=-CH= Y= -N= R 2 = Me, Et.Bu,hexyl 

X = Y= -CH= Z= -N= 


After the reaction mixture of 4-amino-2-chloropyridine and EMME had 
been heated at 90°C for 10 hr, not only 4-pyridylaminomethylenemalonate 
(52), but also a malonamate derivative (53) was isolated (82CPB2399). 



(52) 35% (53) 6% 


It was initially reported that 2-aminopyrimidine failed to react 
with EMME (58M12), but one year later it was found that when the 
reaction was carried out in diphenyl ether upon heating for 0.5-4 hr, 2- 
pyrimidinylaminomethylenemalonate could be obtained in 80% yield 
(59MI3). 2Pyrimidinylaminomethylenemalonate was also prepared in 59% 
yield in the reaction of 2-aminopyrimidine and EMME at 135°C for 1 hr 
(72JMC1203) (Scheme 12). 

4-Amino-6-chloro-2-(l-piperazinyl)pyrimidines were reacted with 
EMME at 140-150°C for 9-10 hr to give 4-pyrimidinylaminomethylene- 
malonates (54) in 77.2-79.0% yields [87JAP(K)I42177]. 

The reaction of 3-aminopyrazine-2-carboxylic acid and EMME at 
160-180°C for 2 hr, or in diphenyl ether at 200°C for 2 hr, afforded 2- 
pyrazinylaminomethylenemalonate in 60% yield (70T3069; 71IJC201) 
(Scheme 13). 


O * EMME _ 


COOEt 

'IH-CH=C 

d:00Et 


Scheme 12 
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Scheme 13 


The reaction of 2-aminothiophene-3-carboxylic acids (55) or 2-aminotet- 
rahydrobenzo(b)thiophene-3-carboxylic acid [55, R = R 1 = —(CH 2 ) 4 —] 
and EMME by heating at 110-120°C for 1-2 hr gave a mixture of 3- 
carboxylic acids (56) and decarboxylated derivatives (57) (75GEP2435025). 



R = R'= Me, -(CHjlf , R = Me, R’= H 


2-Amino-5-ethylthiophene-3-carboxylic acid was reacted with EMME 
in boiling toluene under nitrogen for 6 hr to afford )V-(5-ethyl-2- 
thienyl)aminomethylenemalonate in 59% yield (84EUP126970). The reac¬ 
tions of bis(2- and 3-thienylammonium) hexachlorostannates and EMME, 
involving heating in pyridine at 40-50 °C over a period of 24 hr, gave 2- 
and 3-thienylaminomethylenemalonates (57, R = R 1 = H and 58, R = H) 
in 80 and 70% yields, respectively (77JHC807). Similar reactions did not 
occur in ethanol. 



IS8) 
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Sodium 3-aminothiophene-2-carboxylates were reacted with EMME 
in boiling toluene in the presence of acetic acid for 4-6 hr to give 3- 
thienylaminomethylenemalonates (58) in moderate yields (87T3295; 
88EUP269295). The 5-bromo derivative of compound 58 (R = Br) was 
prepared in the reaction of 3-amino-5-bromothiophene and EMME, but 
2-amino-5-nitrothiophene failed to react (87T3295). 


A 

♦ EMME -— 

R = H, F 

(59) (60 ) 

The reactions of 2-aminopyrroles (59) and EMME in ethanol at 
room temperature for 20-24 hr or at reflux temperature for 30 min gave 
2-pyrrolylaminomethylenemalonates (60) in 60-74% yields (86SAP9289; 
87FES787, 87JHC297). 

/er/-Butyl 2-amino-l-benzyl-4,5-dimethylpyrrole-3-carboxylate was re¬ 
acted with dialkyl alkoxymethylenemalonates at 150-160°C for 2-3 hr 
to afford 2-pyrrolylaminomethylenemalonates (61) in 38-65% yields 
(85JHC1429). 




Me COOreu (jOOR 

♦ R'0CH< —- 

l Q0R 

f H 2 R = Me, Et 

Ph 



The exothermic reactions of 3-aminopyrroles (62) and dialkyl alkoxy¬ 
methylenemalonates in methanol or ethanol afforded 3-pyrrolylamino- 
methylenemalonates (63) in 67-85% yields (85JHC83, 85JHC729, 
85JHC817). 


C00R 2 
-CH=C 
C00R 2 

(62) R = H ,Me.Ph (63) 

R’= H, COOMe, COOtBu 
R^Me.Et 
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+EMME A/PhMe - 
MeS-4 s >COOH - C0 2 


4-Amino-(2-methylthio)thiazole-5-carboxylic acid was reacted with 
EMME in boiling toluene for 2 hr to give N-(2-methylthiothiazol-4- 
yl)aminomethylenemalonate in 62% yield (84JHC1361) (Scheme 14). 

The reaction of 3-aminopyrazole and EMME at 100°C for 30 min 
gave 10% of pyrazolo[l,5-a]pyrimidinecarboxylate (64) and 25% of 3- 
pyrazolylaminomethylenemalonate (70CB3252). When the reaction was 
carried out in boiling acetic acid for 3 hr, pyrazolo[l,5-a]pyrimidinecar- 
boxylate (64) was isolated in 60% yield (62CPB620; 70CB3252). Heating 
of the reaction mixture of 5-substituted 2-amino-1,3,4-oxadiazoles 
and EMME at 130-140°C for 2-3 hr afforded N-(5-substituted 1,3,4- 
oxadiazol-2-yl)aminomethylenemalonates (65) in 40-92% yields [881JC 
(B)293J. 


,nh 2 

Qi * EMME —~ 
H 


COOEt 




N-N n-N COOEt 

+EMME — r^ 0 Wch=c 
U COOEt 

(65) 


In the reaction of 5-phenyl-3-methyl-2-imino-l,3,4-oxadiazoline and 
EMME at 130°C for 30min, 7V-(l,3,4-oxadiazolin-2-ylidene)aminomethy- 
lenemalonate (66) was obtained in 34% yield (70AP501). The reaction of 
5-amino-4-phenyl-l ,2,3-triazole and EMME in the presence of acetic acid 
in boiling benzene for 30 hr, or in boiling toluene for 3 hr, gave (1,2,3- 
triazol-5-ylamino)methylenemalonate (67) in 64-89% yields [71JCS 
(Q2156], 

In patents, it was stated that one of the ring nitrogens of 3-amino-1,2,4- 
triazoles reacted with dialkyl ethoxymethylenemalonates in aque¬ 
ous ethanol at room temperature (48USP2449226; 49USP2476549), 
but Williams later proved that the amino group was involved in these 
reactions and that (l,2,4-triazol-3-ylamino)methylenemalonates (68) 
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Ph-^^NH 


/Me 

M (jOOEt 
Ph-< n AN-CH=C 

dooEt 

(66) 





COOEt 
•NH-CH=C 

COOEt 



R'sH, Me 


COOR 

♦EtO-CH=C 
i2 COOR 

R=Me,Et 


N-NH COC 
r 1 -^ ki ^-nh-ch=(I 


were the products (62JCS2222). Under similar conditions, diethyl 1- 
ethoxyethylidenemalonate did not react with 3-amino-1,2,4-triazole 
(R 1 = H) (62JCS2222). 

2-Quinolylaminomethylenemalonates were obtained in the reaction of 
2-aminoquinoline and dialkyl ethoxymethylenemalonates by heating at 
140-150°C for 1.5 hr (74MIP1) (Scheme 15). 

4-Aminoquinolines (69) did not react with EMME in chloroform, but 
the reactions took place readily in refluxing xylene. At higher temperature, 
however, side-product (70) formation accompanied the condensation 
(58JCS828). 

/V-(4-Nitroisoquinolin-l-yl)aminomethylenemalonate was obtained in 
the reaction of l-amino-4-nitroisoquinoline and EMME in the presence of 
sodium hydride in a mixture of dimethylformamide (DMF) and hexameth- 



R=Me, Et, Pr, iPr, Bu, CH 2 Ph 


Scheme 15 
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R = H.NO, (70) 


ylphosphortriamide at 5°C for 7 min (61% yield), or by heating in DMF at 
150°C for 40 min (46% yield) [84JAP(K)I72472] (Scheme 16). 



Scheme 16 

3-Amino-5,6,7,8-tetrahydroisoquinolines (71) were reacted with 
EMME at 150°C for 0.5-24 hr to give A(-(tetrahydroisoquinolin-3- 
yl)aminomethylenemalonates in 82-87% yields (83KGS1279; 84KFZ931). 
3-Benzothiopyranylaminomethylenemalonates (73) were prepared in 
78-88% yields in the reactions of 3-aminothiochromones and EMME at 
140°C for 5 hr under nitrogen (85JHC89). 



171) R = H , CN (72) 



2-Amino-l,4- and 4-ami no- 1 ,2-naphthoquinones (74 and 75) failed to 
react with EMME, probably because of the “amide-like” character of the 
amino group. However, their 2,3- and 3,4-dihydro derivatives (76 and 77) 
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readily reacted with EMME to give the corresponding aminomethylene- 
malonates (67JOC3210). 



0 nh 2 0 nh 2 


(7i>) (75) (76) (77) 


2-Amino-6-phenyl-7-hydroxy-l,8-naphthyridine reacted with an ex¬ 
cess of diethyl alkoxymethylenemalonates in the presence of concen¬ 
trated hydrochloric acid or in acetic acid to afford N-( 1,8-naphthyridin- 
2-yl)aminomethylenemalonate (78) in 44-63% yields (69G677). 


XIX +R0-CH= t 

iooEt 


■:w 


(78) 


COOEt 

*NH-CH=C 


COOEt 




The condensation of 2-amino-1,4-dihydro-4-quinazolinone and EMME 
at 180°Cfor 1 hr afforded A/-(4-oxo-1,4-dihydro-2-quinazolyl)aminometh- 
ylenemalonate in 90% yield (89JHC161). 

A-(l,4-Benzoxazin-6- and -7-yl)aminomethylenemalonates (80 and 82) 
were prepared in 76-91% yields when 6- and 7-amino-1,4-benzoxazines 
(79 and 80) were reacted with EMME by heating on a steam-bath for 2 hr 
[88IJC(B)649]. 

5-, 6-, 7-, and 8-Amino-l,4-benzothiazines (83) were reacted with 
EMME at I00-120°C for 60-90 min to give 1,4-benzothiazinylaminometh- 
ylenemalonates (84) in 24-91% yields (84MI6). 

The reaction of l-amino-5-benzyl-5,8-dihydropyrido[4,3-f/]pyrimidin- 
8-one and EMME in boiling DMF for 4 hr gave A-(pyridopyrimidin-l- 
yl)aminomethylenemalonate (85) in 48% yield (84KGS532). 
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0 4X>“’ * ebme — 


COOEt 

•CH=C 

COOEt 


6- NHj, R = H , Et 

7- NH*. R = H , Et 

8- NHj, R = H , Et 



(86) 


N-(4H- 1,2,4-Benzothiadiazine 1,1 -dioxide-3-yl)aminomethylenemalo- 
nates (86) were prepared in 90-92% yields in the reactions of 3-amino-4//- 
1,2,4-benzothiadiazine 1,1-dioxides and EMME at 170-180°C for 2 hr 
(89JHC473). 

6-Aminobenzo [6] thiophenes (87) were reacted with EMME at 
110-140°C to give (V-[benzo[6]thien-6-yl]aminomethylenemalonates in 
91-93% yields (88AP241). 
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R = H 
R = H ,Et 


COOEt 
'N-CH=C 
R ioOEt 


4- and 5-Amino-2-phenyl-l,3,-dioxoisoindoles were reacted with 
EMME to afford N-(2-phenyl-l,3-dioxoisoindolyl)aminomethylene- 
malonates (88) (87MI1). 



2-Aminofuro[3,2-6]pyridines (89) were reacted with EMME at 130°C 
for 2.5 hr to afford N-(furopyridin-2-yl)aminomethylenemalonates (90) in 
10-47% yields (84G211). In the case of 3-carboxamide (89, R = CONH,), 
no reaction took place. 



The reaction of 5-aminobenzimidazole and EMME in boiling ethanol 
for 2 hr gave 5-benzimidazolylaminomethylenemalonate in 83% yield 
(86EUP187705). Similarly aminomethylenemalonates were prepared from 
4- and 5-aminobenzimidazoles and -benzotriazoles (82MI1; 88MI11, 
88MI13; 89CCC713, 89FES609, 89FES619). 

Diethyl A r -(2-methyl-2//-benzotriazol-5-yl)-aminomethylenemalonate 
was prepared by both Sanna and Paglietti (89FES609) and Milata et al. 
(89CCC713), but for characterization of the product, they gave different 
melting points (102-104°C vs. 89-91°C). 
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5-Amino-2,3-dimethyl-3//-imidazo[4,5-6]pyridine was reacted with 
EMME in boiling toluene for 2 hr to afford N-(imidazopyridin-5-yl)amino- 
methylenemalonate (91) in 84% yield (86EUP174832). The reaction of 3- 
amino-4,6-dimethyl-l//-pyrazolo[3,4-6]pyridine and EMME yielded N- 
(4,6-dimethyl-l//-pyrazolo[3,4-/>]pyridin-3-yl)aminomethylenemalonate 
(92) (87MI5). 


Me Mo' 



COOEt 

-CH=C 

COOEt 


In the reaction of adenine and EMME in the presence of triethylamine 
in boiling dimethylformamide for 16 hr, 6-purinylaminomethylenemalonate 
was obtained in 75% yield (86EUP174832) (Scheme 17). 

Sivasankaran et al. condensed 1-amino-, l-amino-4-methoxy-, 1-amino- 
4-hydroxy-, and 2-aminoanthraquinones with EMME in boiling xylene 
for 4 hr, and obtained anthraquinolylaminomethylenemalonates in 92%, 
83%, 78%, and 56% yields, respectively (59MI2). Ayyangaar et al. pre¬ 
pared the 1-anthraquinolylaminomethylenemalonate in 99% yield when 
1-aminoanthraqinone was reacted with EMME in the presence of an ex¬ 
cess of aluminum chloride at 30°C for 1 h (87MI8) (Scheme 18). 

3-Amino-l,4-dimethylcarbazole was reacted with EMME to give 3- 
carbazolylaminomethylenemalonate (93) (87CPB425). Mixtures of tricy¬ 
clic amino derivatives (94, X = CH 2 , S, N(CH 2 ) 2 NMe 2 ) and EMME were 



COOEt 


♦ EMME 


A/NEtj 

DMF 


CQ" 


COOEt 


Scheme 17 
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COOEt 



heated under nitrogen at 100°C for 2 hr to give aminomethylenemalonates 
(95) in 19-93% yields (80JHC341). 



Af-(5//-Pyrrolo[2,l 1,4- benzodiazepin-11 -yl)-aminomethylene - 
malonates (97) were obtained in 57-88% yields in the reactions of 11- 
amino-5//-pyrrolo[2,1-c]-1,4-benzodiazepines (96) and EMME at 100°C 
for 30 min (85CP1197242, 85JHC305). 

2-Aminoanthyridin-5(10//)-one was reacted with EMME at reflux 
temperature for 1 hr to yield 2-anthyridinylaminomethylenemalonate 
(98) in 82% yield (74FES366). The condensation of 2-aminonaphiho[l ,2- 
</]thiazole with EMME at 125°C for 20 min afforded (V-(naphiho[ 1,2- 
</]thiazol-2-yl)aminomethylenemalonate in 95% yield (85AP84). 
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The reaction of 3-amino-1,2,4-triazolo[3,4-fc]benzoxazole and EMME 
in boiling ethanol for 2 hr gave condensation product 99 in 84% yield 
(89H925). 3-Amino-I//-pyrazolo[3,4-c/]thieno[2,3-6]pyridine (100) was 
reacted with EMME in boiling ethanol for 1.5 hr to give AKpyrazolothieno- 
pyridin-3-yl)aminomethylenemalonate (101) in 50% yield. When the amine 
(100) and EMME were reacted in boiling acetic acid for 14 hr, instead of 
the expected cyclocondensation, only condensation occurred to give the 
aminomethylenemalonate (101) (83M1079). 


COOEt 



COOEt 


(102) 


(103) 
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The reaction of 2-aminopyridodibenzoxazepinone ( 102 ) and EMME at 
150°C for 0.5 hr afforded aminomethylenemalonate ( 103 ) in 85% yield 
(74IJC252, 74MI1). 

b. From Secondary Amines 

N-(Diphenoxyphosphinylmethyl)-yV-(ethoxycarbonyl- and cyano- 
methyl)amines were reacted with EMME in boiling toluene under nitro¬ 
gen for 16 hr to give aminomethylenemalonates ( 104 ) in 56 and 73% yields, 
respectively (84USP4444581, 84USP4444582). 


R 

^ A 

/ P~CH 2 -NH + EMME - 

Pho' 

R = COOEt 
CN 


PhO v j? 

P- 

Pho' 


R 

CH 2 IjOOEt 
CH 2 -N-CH=C 

COOEt 


(104) 


(V-Ethyl-/V-[3-(4-pyridyl)phenyl]aminomethylenemalonate was pre¬ 
pared in the reaction of 7V-ethyl-3-(4-pyridyl)aniline and EMME at 
165°C for 0.5 hr (85USP4537735) (Scheme 19). In the reactions of N-alkyl- 
N-arylamines ( 105 ) and EMME at I20-140°C for 20 min, N-alkyl-N- 
arylaminomethylenemalonates ( 106 ) were prepared in 54-81% yields 
(72HCA1319). 





(jOOEt 
'N-CH=C 
b COOEt 


(106) 


R 1 = R j =R 5 =H R = Me , Et, Bu 
R = R 1 = Me , R 2 =R 3 =H 

R =Et, R'=R 2 =-(CH=CH) 2 -,R 3 =H 
R =Et, R’ = H , R 2 =R3=-(CH=CH)2- 


(105) 
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The reactions of N-isopropylanilines and EMME at 160-170°C for 1- 
3 hr gave TV-isopropyl-N-phenyl-aminomethylenemalonates ( 107 ) in 
52-99% yields [85GEP3433924, 85JAP(K)28964, 85JAP(K) 126271]. 
A-Cyclopropyl-N-(2,3,4-trihalophenyl)aminomethylenemalonates ( 108 ) 
were obtained in the reactions of anilines and EMME at 100-135°C for 
10.5 hr (R = Cl (85SAP3954; 86EUPI83129, 86EUP195316) or at 
150-160°C for 1.5 hr (R = F (84BEP899399). 



EMME—- 



;c< 

Me 


,C00Et 

'COOEt 


(107) 


♦ EMME -- 

R = Cl, F 

(108) 


A-Cyclopropylanilines were reacted with EMME at I40-170°C for 2- 
25 hr to afford /V-cyclopropyl-/V-arylaminomethylenemalonates ( 109 ) in 
68-72% yields [86JAP(K)143363, 86JAP(K)143364; 87JAP(K)26272, 





Rl. 

R 1 - 



^COOEt 

^COOEt 


R= H. NO 2 R^H.F.Cl.Bu.NOi M09) 


R ? =-N N-COOEt, R 3 =H,Me 


-a 


ch 7 -n; 


'R 5 


RS= H . R 5 =C0Me 
R l = Me, R^= COOEt 
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Me x CjOOEt COOMe 

„c=c —* LjL "c=c 

' 1e0 COOEt ^ 00Me 

Scheme 20 

87NEP471; 88EUP287951], N-Methylaniline was reacted with dimethyl I- 
methoxyethylidenemalonate at 180°C for 1.5 hr to give dimethyl 1-(N- 
methyl-N-phenylamino)ethylidenemalonate in 32% yield (69JA6683) 
(Scheme 20). 

2-(Substituted amino)-6-alkylpyridines were reacted with EMME at 
100-110°C for 8-12 hr to give N-substituted /V-(2-pyridyl)aminomethylene- 
malonates ( 110 ) (71GEP2108046; 72JAP25349). 2-(Cyclopropylamino)-6- 
(4-ethoxycarbonylpiperazino)-5-fluoropyridine was reacted in boiling 
xylene for 24 hr to afford the corresponding 2-pyridylaminomethylene- 
malonate ( 111 ) in 39% yield (85EUP153163, 85EUP153828, 85EUP159I74; 
86EUP172651; 88EUP265230). 



Me 


♦ EMME 

r'-^n^nhr 

R = CH£H,)f\, 
R’= Me,Et 


__ |P=Si C00 

r ’X n A n _(;h=C 


XI -emme — ^XX ' OOEt 

^N^N^N-CH^C 

EtOOCN ^ 1 X EtOOCN ^ 1 X COOEt 

(111) 

3-Methylamino-6-morpholinopyridazine was reacted with EMME 
at 120°C for 2-3 hr to afford diethyl N-methyl-N-(6-morpholino-3- 
pyridazi-nyl)-aminomethyIenemalonate in 54% yield (88JHC1535). 

A f -Ethyl-3,4-methylenedioxyaniline was reacted with EMME in boiling 
dioxane for 6 hr, in the presence of two drops of a solution of 40% Triton 
B in methanol, to give N-ethyl-N-(3,4-methylenedioxyphenyl)amino- 
methylenemalonate in 87% yield [71JAP34707; 72JCS(P1)173]. No 
reaction occurred in the absence of the Triton B catalyst [72JCS(P1)173] 
(Scheme 21). 
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Scheme 21 

The reaction of /V-(2,2,2-trifluoroethyl)-3,4-methylenedioxyaniline and 
EMME at 140-I50°C for 3 hr gave diethyl 7V-(2,2,2-trifluoroethyl)-jV-(3,4- 
methylenedioxyphenyl)aminomethylenemalonate (76GEP2534869). N,N- 
Diphenylaminomethylenemalonates (112) were prepared from the reac¬ 
tions of diphenylamines and EMME at 190-210°C for 0.75-2.0 hr 
(69BRP1147336). 



(112) 

R = H, R’=H, 3-Me, 4-Me , 3-0H. 4-0H,3-Ct ,4-Cl 
3-CF 3 ,4-N0 2 , 4 -AcNH. 4-MeO 
R = R 1 ! 4-MeO, 4 -Me, 4-Cl 


2-Anilinoquinolines (113) were reacted with EMME to give N-(2- 
quinolinyl)-A/-phenylaminomethylenemalonates (114) (87JIC481). 



In the reaction of EMME and the potassium salt of pyrrole in tetrahydro- 
furan (THF) at 0°C for 30 min, an addition product, ethoxy(l-pyrrolyl)- 
methylmalonate (115), could be isolated in 85% yield (82CB714). This ester 
(115) was hydrolyzed with potassium hydroxide in aqueous ethanol at 
reflux temperature to yield 95% dipotassium ethoxy(I -pyrrolyl)methylene- 
malonate (116), from which I-pyrrolylmethylenemalonic acid (118) was 
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C COOEt 

N K * EfO-CH=C-- 

taoEt 


EtO COOH 

'n-c-ch 

COOH 


(117) 


EtO COOEt_ Ettp COOK 

■ Or? 


0-H 1 



Scheme 22 


obtained in 67% yield by acidification with hydrochloric acid via ethoxy(l- 
pyrrolyl)methylmalonic acid (117). The reaction of diethyl ethoxy(l- 
pyrrolyl)methylmalonate (115) and the potassium salt of pyrrole in THF 
gave dipyrrolylmethylmalonate (119) in 57% yield (Scheme 22). 

Ciprofloxacin was reacted with EMME in aqueous dioxane in the pres¬ 
ence of sodium hydroxide at ambient temperature for 5 hr to give amino- 
methylenemalonate (120) in 48% yield (84GEP3306772, 84GEP3308908). 



. EtOOC ^n- 
C=CH-N\^ 


xxy 

A 


Indolines (121) were reacted with EMME at 140-160°C for 
0.5 hr to afford 1-indolinylmethylenemalonates (122) [83JAP(K) 13585, 
83JAP(K)90511]. Indolines (123) were condensed with EMME at 



R = Cl . F 

-n^nch 2 cf 3 


-o 


1121) 


CH=C-C00Et 
11221 COOEt 
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110-120°C to give 1-indolinylmethylenemalonates (124) (79GEP2914218, 
79GEP2914258). Similarly, other 1-indolinylmethylenemalonates were 
prepared (82BEP891046, 82BEP891537). 



Indolines and tetrahydroquinolines (125, n = 0, 1) were reacted with 
dialkyl ethoxymethylenemalonates at 150°C for 5 hr, and the alcohol 
formed was distilled off to give condensation products (126, n = 0, 1) in 
80-95% yields (86GEP3519926). 


R 1 C00R 2 

C=t 

EtO C00R 2 


ca; 


= 0, 1 ; R = H , Me ; R' : H. Me ; 
: = Et, iBu , hexyl 


r'-oc-coor 2 

C00R 2 

(126) 



R = H,Cl; R 2 = H.Cl , (127) £ 0QEt 

R 2 = H.Q, OSOjMe . OSOjC^H^-^Me 


((Tetrahydroquinolin-l-yl)methylenemalonates (127) were prepared in 
the reactions of tetrahydroquinolines and EMME at 110-120°C 
[79GEP2914218, 79GEP2914258; 80JAP(K)38364], Tetrahydroquinolines 
(128) were reacted with EMME at 120-180°C for 1-3 hr to give (tet- 
rahydroquinolin-l-yl)methylenemalonates (129) (73GEP2264163; 74GEP- 
2415763; 76MIP3, 76USP3969463, 76USP3976651, 76USP3985753, 
76USP3985882; 77USP4001243, 77USP4014877). 

Tetrahydroquinaldines were reacted with alkoxymethylenemalonates at 
120-160°C for 0.5-5 hr [81FRP2463771, 81FRP2476079; 81JAP(K)55388, 
81JAP(K)59773; 82BEP891046, 82BEP891537; 83EUP79162, 83JAP(K)2- 
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(128) R = H. Me , Et CH=C-COOEt 

R'= H; R 2 = H, OH , R’= R 2 = 0 (129) COOEt 

R 3 = Me , NHMe , MeO. 4,5-OCHjO 
5,6-0(CHj) n 0; n= 1,2 

9789, 83JAP(K)9051 ], 83USP4380543, 83USP4404207, 83USP4416884; 
84EUP109284, 84EUP109285, 84EUP119779, 84NEP1115; 85USP4524- 
148; 87EUP245913; 89M12] or in boiling xylene for 24-28 hr (83EUP79- 
162, 83USP4380543; 84NEP1115, 84USP4443447 ; 86USP4565872) to 
afford (2-methyltetrahydroquinolin-l-yl)methylenemalonates (130). 


COOEt VV^I 
Me * R 2 -0-CH=C ^v^N^Me 

C00Et ( 130 ) tac-cooEt 

H, Cl, F ; R 1 = Cl. Br, F, NHAc, CN, Me COOEt 
OMe , OSOjMe, 0S0 2 Ph 

-iQl-OH, -^J(CH 2 CFj . -N'^j N 




CH=C-C00Et 
(131) COOEt 


The optically active (2,5-dimethyl-6-fluorotetrahydroquinolin-l-yl)- 
methylenemalonates (131) were prepared in the reactions of optically ac¬ 
tive enantiomers of 2,5-dimethyl-6-fluorotetrahydroquinoline and EMME 
at 135-HOT for 1 hr (87JMC839). In a similar way, the 2-desmethyl 
derivative of 131 was prepared. 

4-Oxotetrahydroquinolines were reacted with EMME at 200-210°C for 
1.5 hr to give (4-oxotetrahydroquinolin-l-yl)methylenemalonates (132) in 
nearly quantitative yields (86EUP203795). 

2-Acetoxymethyl-5,6-difluorotetrahydroquinoline was reacted with 
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"'wv “ E — 


N^Me 

CH=C-COOEt 


EMME at 140°C for 8 hr to yield (tetrahydroquinolin-l-yl)methylenemalo- 
nate (133) (84EUP101829). 


Vri ♦ emme — 

k =5^N"^CH 2 0Ac 


^CHjOAc 
CH=C-C00Et 
(133) COOEt 


< 0 *-“ - <XX 


CH=C-COOEt 
, . COOEt 


Dihydro- 1,4-benzoxazines were reacted with EMME at 110-120°C for 
3 hr to give 4-benzoxazinylmethylenemalonates (134) (75USP3883522). 

Racemic or optically active (R 2 4 H) or 14 C-labeled (R = F, R 1 = H, 
R 2 = Me) 1,4-benzoxazines (135) were reacted with EMME at 130-140°C 
for 1-5 hr to give (1,4-benzoxazin-4-yl)methylenemalonates (136) in good 


- “txX 


CH=C-C00Et 

1135) R = Cl,F ; R’=H,Cl,Br,F.Ph £ 00Et 
R 2 =H,Me (136) 


f A°x 




■CHjOMe 

CH=C-C00Et 

COOEt 
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yields [83JAP(K)52290; 84CPB4907, 84JAP(K)122493, 84USP4443447; 
85JAP(K) 126290; 86EUP184384, 86EUP206283, 86MI14]. 

3-Methoxymethyl-7,8-difluorodihydro-l,4-benzoxazine was reacted 
with EMME at 105-115°C for 2 hr to afford (1,4-benzoxazin-4-yl)methy- 
lenemalonate (137) in 76% yield (84EUP101829). 

(1 ,4-Benzoxazin-4-yl)methylenemalonate (138) was obtained in the reac¬ 
tion of 7,8-difluoro-3-fluoromethyl-l,4-benzoxazine and EMME at 
130-140°C for 3 hr [86JAP(K)204188]. 



(138) COOEt 

Bicyclic heterocycles (139) were reacted with EMME at 130-150°C for 
1.5-5.0 hr to give condensation products (140) in good yields (82JAP(K)- 
203085]. 



X = S , NH , NMe n= 1 
X =0 , n= 0,1 
R = H , Me R'= H , Me 


r<^S< X '(CH-R) n 

Uy* 

CH=C-C00Et 

COOEt 


I KOI 



R = H , Me ; R'rH.F.Ct.CFj 
R 2 =H,F,Cl ; R 3 = H , Cl 


:x 


CH=C-C00Et 

... ioOEt 


Tetrahydro-l,4-benzothiazines were condensed with EMME at 120°C 
for 1.75-2 hr to give (l,4-benzothiazin-4-yl)methylenemalonates (141) 
[85JAP(K)208987; 87JMC465], 

Hexahydro-3-benzazocine was reacted with EMME in boiling ethanol 
for 1 hr to give the 3-benzazocinylmethylenemalonate (142) in 95% yield 
(74USP3840522). 
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C00Et 

0O H * “» — 0O" tH i„ E , 

(142) 

The reactions of hexahydrocarbazoles (143, R 2 = H) and EMME at 
110°C for 30 min afforded 9-carbazolylmethylenemalonates (144, R 2 = H) 
in good yields (79GEP2849158, 79GEP2914218, 79GEP2914258). 



The reaction of 4a-hydroxy-l,2,3,4,4a,9a-hexahydrocarbazole (143, 
R = R 1 - H, R 2 = OH) and EMME gave 9-carbazolylmethylenemalonate 
(144, R = R 1 = H,R 2 = OH), which was dehydrated to the corresponding 
diethyl (l,2,3,4-tetrahydrocarbazol-9-yl)methylenemalonate in methanol 
in the presence of picric acid (60JA4404). 

Hexahydro-l//-imidazo[4,5-£]quinoline (145) was reacted with EMME 
in boiling DMF to give (imidazo[4,5-g]quinolin-5-yl)methylenemalonate 
(146) in 54% yield [79JAP(K) 154797]. 





CH=C-C00Et 
I COOEt 



Benzo(/)quinoline (147) was reacted with EMME at 170°C for 3 hr to 
yield (benzo(/)quinolin-l-yl)methylenemalonate (148) (84USP4456606). 
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Tricyclic furo[3,2-/]- and thieno[3,2-/]quinolines (149, X = O, S) were 
treated with EMME at 120-150°C to give malonate derivatives (150, 
X = O, S) in good yields [79JAP(K) 163598]. 



Furo[3,2-/]quinolines (151) were reacted with EMME at 120-130°C for 
1.5-2.5 hr to give furoquinolinylmethylenemalonates (152) (84CPB4923). 

Thieno[2,3-/]quinolines (153) were reacted with EMME at I30-140°C 
to afford 6-thienoquinolinylmethylenemalonates (154) in 66-89% yields 
(88AP241). 



(153 ) n = 0, R = H ; R 2 = valence bond (154) ^ 0QEt 


Furo[2,3-/j]-l,4-benzoxazine (155) was reacted with EMME at 
120-130°C for 40 min to yield furobenzoxazinylmethylenemalonate (156) 
(84CPB4923). 




CH=C-C00Et 
(156) C00Et 


(155) 
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c. From Poly amines 

Depending on the reaction conditions and molar ratio, mono- and 
bis(aminomethylenemalonates) can be obtained in the reactions of dialkyl 
alkoxymethylenemalonates and bisamines. 

The reaction of 1,2-diaminoethane and EMME was carried out in boiling 
ethanol or in a mixture of diethyl ether and ethanol at -5°C to give 
bis(aminomethylenemalonate) (157) in 72% and 64% yields (64JMC68; 
67M11). 


H2NCH 2 CH 2 NHj 


EtOOC COOEt 

2 EMME & - C-CH*NHCH 2 CH 2 NH-CH=C 

EtOH Etooi COOEt 

1157) 


A CH 2 COOEt 

PhCH 2 NHCH 2 CH 2 NHCH 2 Ph * 2 EMME ^ E00Et 

PhC H 2 - N- CH=C - COOEt 

(158) 

l,2-Bis(benzylamino)ethylene was reacted with 2 mol. equiv. of EMME 
in boiling ethanol to give bis(aminomethylenemalonate) (158) in 43% yield 
(64JMC68). 

Bis(phenylamines) (159) were reacted with EMME to give bis(amino- 
methylenemalonates) (160) (64JMC68; 84MI1, 84M15; 86MI12). 


♦EMME-- 

(159) R = Cl,MeO; Z = valence bond (160) 

R=H;Z=CH 2 ,0, NH.0(CHj) b 0 ; n= 2-4 



EtOOC COOEt 

^CH-NHw-^ ^YNH-CH=C 
EtOOC COOEt 


7-Amino-l-(3-aminophenyl)-5-methyl[l,2,4]triazolo[4,3-a]quinoline was 
reacted with EMME by heating on a steam-bath for 3 hr to give the 
corresponding bis(aminomethylenemalonate) (161) (86EUP174833). 

The reaction of o-phenylenediamine(R = H) and 1 mol. equiv. of EMME 
at 100°C for 2 hr afforded diethyl A'-(2-aminophenyl)aminomethylenemalo- 
nate (162, R = H) in 94% yield (57M12; 59MI1). When 2 mol. equiv. of 
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-C=HC-HN'^^ 5J 


EtOOC 

EtOOC (161) 


EMME was applied and the reaction mixture was heated on a steam-bath 
for 4 hr, l,2-bis(aminomethylenemalonate) (163, R = H) was obtained in 
79% yield (46JA1320). 


<X 


COOEt 

NH-CH=C-C00Et 

NH-CH=C-C00Et 

COOEt 


(163) 



C j|" NH 2 EMME 

TVH-CH=C-COMe 
COOEt 


a 


COOEt 

NH-CH=C-COOEt 
NH-CH=C-COMe 
COOEt 


(164) 


Diethyl jV-(2-aminophenyl)aminomethyIenemaionates (162, R = H, 
N0 2 ) were also prepared in boiling ethanol for 0.5 hr in 78-90% yields 
(67MI1;68AF1214). o-Phenylenediamines were reacted with 2 mol. equiv. 
of EMME at 140°C for 3.5 hr (78USP4123536) or at 100°C for 6 hr (67MI1) 
to give l,2-bis(aminomethylenemalonates) (163). 

Further dialkyl 1,2-bis(aminomethylenemalonates) were prepared in a 
similar way (72GEP2220294; 81ZC286; 83JHC681). 

o-Phenylenediamine was first reacted with ethyl ethoxymethyleneace- 
toacetate in ethanol, and the product was then reacted with EMME at 
room temperature to afford the aminomethylenemalonate derivative (164) 
in 75% yield (85ZC28). 

(3-Aminophenyl)aminomethylenemalonates (165) and 1,3-bis(amino- 
methylenemalonates (166) were prepared when m-phenylenediamines 


^ 00Et FMMF 

■NH-CH--C - B!HL 
COOEt 



NH-CH=C-C00Et 
COOEt 

'IH-CH=C-C00Et 
COOEt 


1 


(165) 


(166) 
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were reacted with 1 mol. equiv. (80MI2; 85EUP134165, 85FRP2548664; 
86FRP2574404) and 2 mol. equiv. of EMME (54JA1109; 64JMC68; 
72GEP2220294; 83JHC681; 86EUP174832), respectively. 

Depending on the molar ratio, the reactions of p-phenylenediamines and 
EMME gave A f -(4-aminophenyl)aminomethylenemalonates (167) (86- 
EUP174832) or l,4-bis(aminomethylenemalonates) (168) (49JCS1017; 86- 
EUP174832). 



EtOOC 

C= 

EtOOC 


ic Jl c. 

C=CH-NH-^^-NH-CH=C 


iooEt 


COOEt 

(=C 

COOEt 


2,3-Diamino-6-[(2,4,6-trimethylphenyl)methylamino]pyridine was re¬ 
acted with EMME in boiling dioxane for 30 min to give 3-pyridylamino- 
methylenemalonate (169) in 73% yield (79CZ387). 


COOEt 



3,4-Diaminopyridine was reacted with 2 mol. equiv. of EMME at 100°C 
for 5 hr to give 3,4-bis(aminomethylenemalonate) (170) in 30% yield 
(59JA6297). 



2 EMME 


COOEt 

NH-CH=C-C00Et 

.^jk^NH-CH^-COOEt 

M ' 


COOEt 


(170) 


The reaction of 3,5-diaminopyridine and 2 mol. equiv. of EMME in the 
presence of a catalytic amount of concentrated hydrochloric acid at reflux 
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temperature for 45 min gave 3,5-bis(aminomethylenemalonate) (171) in 
71% yield (78BAP509). 


'"XT' + 


2EMME —— 


EtOOC COOEt 

C=CH-NH v^y"NH-CH=C 
EtOOC COOEt 


(171) 


The reaction of a roughly 1 : I molar ratio of 2,6-diaminopyridine and 
EMME at 2°C for 3 hr gave jV-(6-amino-2-pyridyl)aminomethylenemalo- 
nate (172, R = H) in 37% yield (65GI492), while when the reaction mixture 
was stirred in ethanol at 45-55°C for 25 min and then boiled for 10 min, 
the yield was 54% (62BEP612258). Originally, the structure of the product 
(172, R = H) was described incorrectly as 173 (65G1492; 71G129). 



EtOOC COOEt (173) 

C=CH-HN^N^NH-CH=C 
EtOO^ (m) COOEt 


When 2,6-diaminopyridines (R = H, OEt) were reacted with 2 mol. 
equiv. of EMME by heating at 1 IO°Cfor 30 min or at 250°Cfor 15-120 min, 
2,6-bis(2,2-diethoxycarbonylvinylamino)pyridines (174) were obtained in 
60-83% yields [65G1492; 70JHC875; 71JCS(C)2985; 86EUP174832], 
Bis(aminomethylenemalonate) (174, R = H) was also prepared in 87% 
yield in the reaction of /V-(6-amino-2-pyridyl)aminomethylenemalonate 
(172, R = H) and EMME at 3-5°C for 50 hr (65G1492). 

At times, the condensation products (172 and 174) were cyclized, with¬ 
out isolation, by further heating of the reaction mixture [46JA1317; 
71 JCS(C)2991], 

After treatment of the reaction mixture of 2,6-diamino-3-nitropyridine 
and an excess of EMME at 120°C for 100 hr, 18% of bis(aminomethylene- 
malonate) (176) and 58% and 8% of aminomethylenemalonates (175 and 
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177), respectively, were isolated (72G253). When the reaction was carried 
out at 140-150°C for 90 hr, 67% of bis(aminomethylenemalonate) (176) 
and 8% of aminomethylenemalonate (177) were obtained. Aminomethy- 
lenemalonates (175 and 177) could be converted to bis(aminomethylenema- 
lonate) (176) by further treatment with EMME at 140°C. 


*XX 


EtOOC 

C=CH-HN' 
EtOOC 


l-HN^N-^Nt 




•NH-CH=C 
(177, l0X ' 


EtOOC 1 
C=CH- 
EtOOC 


tU yf\ i oc 

(N-"^N' A 'NH-CH=C 


When trimethoprim (178) was reacted with EMME at I00°C for I hr, N- 
(4-amino-2-pyrimidinyl)aminomethylenemalonate (179) was obtained in 
11% yield (79GEP2758115). 




(179) 


The reaction of 4,5-diaminopyrimidine and EMME in boiling ethanol for 
30 min gave N-(4-amino-5-pyrimidinyl)aminomethylenemalonate in 79% 

yield (68AF1214). 

4.5- Diaminopyrimidine derivatives (180) were reacted with EMME in 
boiling ethanol for 30 min, or by heating in DMF for 15-20 min, to give N- 
(4-amino-5-pyrimidinyl)aminomethylenemalonates (181) in 44-49% yields 
(68 AF1214). 

4.6- Diaminopyrimidines were reacted with EMME in boiling ethanol 
for 30 min (68AFI214) or for 180 min (70CPB1385), or at I35-165°C 
for 20-60 min (72JOC3980), to afford N-(6-amino-4-pyrimidinyl)amino- 
methylenemalonates (182) in 20-79% yields. Diethyl N-(4,6-diamino-5- 
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n ^v^NH 2 

L !l + emme 


a NH-CH=C-COOEt 
NH 2 C00Et 



♦ EMME 


Y (JOOEt 

rn' J *v nh_ch=c 
x^n^nh 2 C00Et 

R' 


R n R 1 = H , XnO.S.NH, Y=0 
R=R 1 =Me,X = 0,S, Y=0,S 
R = H, R 1 =Me,X=Y=0 


(181) 


pyrimidinyl)aminomethyIenemalonate was prepared in 86% yield in the 
reaction of 4,5,6-triaminopyrimidine and EMME in boiling ethanol for 
30 min (68AF1214). 


nh 2 

+ EMME -- 

r^N^NHj 




nh 2 


COOEt 

H-CH=C 

. taoEt 


Depending on the molar ratio, mono- and biscondensation products (183 
and 184) were obtained in 68% and 61% yields, respectively, in the reaction 
of 3,4-diamino-l ,2,5-oxadiazole and EMME at 110-120°C for 5-10 min 
(79KGS319). 





COOEt 

NH-CH=C 

(foOEt 


EtOOC 

C=CH-HN Nl 
EtOOC W 

V N 

(18M 


(fOOEt 

< 

COOEt 


(183) 
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The reaction of 5,7-diamino-1,2,3,4-tetrahydronaphthalene and EMME 
at 100°C for 1 hr gave bis(aminomethylenemalonate) (185) (72GEP222- 
0294). 



NH-CH=C-C00Et 
COOEt 

H-CH=C-C00Et 
COOEt 

(185) 



COOEt 
-NH-CH=C-C00Et 
CH=C-C00Et 
COOEt 


1186) 


2,3-Diaminonaphthoquinone was reacted with 2 mol equiv. of EMME 
in ethanol in the presence of sodium ethylate at ambient temperature for 
1 hr to give bis(aminomethylenemalonate) (186) in 28% yield (88LA799). 

4,6-Bis(aminomethylenemalonate) (187) was prepared in the reaction of 
4,6-diamino-2-methylquinoline and EMME (86EUP174832). 



EtOOC 

C=CH-HN- 

EtOOC 


NH-CH-C-COOEt 


doOEt 


(187) 



■—o$ 


CH=C-C00Et 

COOEt 


N'^NH-CH-C-COOEt 
COOEt 


The reaction of 2,4-diaminoquinazoline and EMME was carried out in 
DMF at ambient temperature for 2 hr, and the reaction mixture was then 
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heated at 150°C for 45 min to give bis(aminomethylenemalonate) (188) in 
19% yield (81EUP30156). 

1,5-Diaminoanthracene was reacted with EMME in boiling xylene for 
4 hr to afford bis(aminomethylenemalonate) (189) in 80% yield (62MI2). 




Et00C-C=CH-NH (189) 


NH-CH=C-C00Et 
COOEt 
COOEt 

jH-CH=C-C00Et 
(190) 


0 NH-CH=C-C00Et 



(191) 


Under similar conditions, 1,4-diamino- and 1,5-diaminoanthraquinones 
reacted with EMME to give bis(aminomethylenemalonates) (190 and 191) 
in 60% and 77% yields, respectively (59MI2). 

Poly(enaminoamide)-type polymers (192) were obtained in 89-97% 
yields when I : 1 mixtures of diamine (4,4'-methylenediphenyldiamine, p- 
phenylenediamine, or o-phenylenediamine) and EMME were heated in 
the presence of a solvent (N-methylpyrrolidone, trifluoroacetic acid, or 
w-cresol) or in the melt at 155-195°C under nitrogen for 2-12 hr (78MI2). 


HjN-R-NH, ♦ EMME 


COOEt 

HjN-R-NH-CH^C -- 

COOEt 


COOEt 

-HN-R-NH-CH=C 

C0NH-R- 


The reaction of 1,2,3,4,7,8,9,|0-octahydro-l,7-phenanthridine and 
EMME at 140-150°C for 1.5 hr gave diethyl (1,2,3,4,7,8,9,10-octahydro- 
l,7-phenanthridin-l-yl)malonate in 87% yield (89MI2). 
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d. From Amidines, Hydrazines, Amidrazones, 
(Thio)semicarbazides, Isothiosemicarbazones, 
Carboxamides, Carbohy dr azides, (Thio)ureas, 
and Sulfamides. 

During the reactions of amidines and EMME, cyclocondensation usu¬ 
ally occurs to give 4-(3//)-oxopyrimidine-5-carboxylates (e.g., 77MI5). 
Relevant literature is not treated in this review; it can be found in more 
specialized books (62MI1; 85MI1) (Scheme 23). 


r-c; 


jNH 

'NH, 


♦ EMME -- 


HN X.C00Et 


Scheme 23 


N-Methyl-)V'-(substituted phenyl)formamidine was reacted with 
EMME in boiling toluene for 3 hr to give amidine derivatives (193) in poor 
yields (80EUP15440). 



COOEt 

EMME-- }T/-N=CH-N-CH=C 

W Me COOEt 
(193) 




NH-C=NH * EMME -- 

R 

R = Me ,Ph,MeS 

R’= H, F,C1 ,Me ,CF 3 , OMe ,Ph 


COOEt 

=C 

COOEt 


N-Arylamidines were condensed with EMME in boiling ethanol for 
1.25-144 hr to afford condensation products (194) in 53-82% yields 
[82IJC(B)228]. 

3-Chloro-6-hydrazinopyridazine was reacted with EMME in DMF at 
75-80°C for 20 min. After dilution of the reaction mixture with water, 
hydrazinomethylenemalonate (195) was obtained in 74% yield (80JHC- 
1527). 

Arylhydrazines were reacted with EMME at ambient temperature for 
24 hr to give hydrazinomethylenemalonates (87GEP33617554). 
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chTU -NH 2 ♦ EMME 


-- Cl - ^ V"NH-N 

N-N 

(195) 


COOEt 

=C 

COOEt 


The reactions of 2-hydrazino-l-azaazulenes and EMME in boiling etha¬ 
nol for 0.5-1.0 hr gave 2-(l-azaazulen-2-yl)hydrazinomethylenemalonates 
(196) in 92-96% yields (88BCJ1440). 




097] 


Me 


Ptr'-N' 


COOEt 

•CH=C 

ioOEt 


Diethyl [2-(2,6-dichloro-4-trifluoromethylphenyl)hydrazino]methylene- 
malonate was prepared in 97% yield in the reaction of 2,6-dichloro-4- 
trifluoromethylphenylhydrazine and EMME in ethanol at 70-75°C for 5 hr 
(88GEP3728278). 

(Pyrrolopyrimidin-7-ylamino)methylenemalonate (198) was prepared in 
29% yield in the reaction of the 7-amino derivative (197) and EMME in a 


(199) 


n = 0;n=1;X = CH 2 , 0 
n = 2 ; X = CH 2 


COOEt 

n (X) ^l-NH-CH=C 

\_/ I 

COOEt 


( 200 ) 



♦ EMME -- 

, Me : R’=0H, R ? = H 
R'=NHj, r 2 =nh 2 


1} COOEt 

R^_Vc=N-NH-CH=C 
M d , COOEt 


(201) 


( 202 ) 
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mixture of ethanol and N,N-dimethylacetamide at reflux temperature for 
20 hr (75JHC1291). 

The reactions of monocyclic jY-aminoheterocycles (199) and EMME 
in methanol at room temperature for 1 hr gave the corresponding N- 
aminomethylenemalonates (200) in 95-98% yields (85JOC909; 87BSF365). 

Hydrazones (201) were reacted with EMME in boiling ethanol for 1 hr 
to give condensation products (202) in 87-98% yields (64JMC68). 


Qmh-NH-^Q * EMME -- O h -N^) 

12031 EtOOC-C-COOEt 


The reaction of A(,N'-diphenylhydrazine and EMME in boiling ethanol 
for 1 hr afforded (N,N'-diphenylhydrazino)methylenemalonate (203) in 
61% yield (64JMC68). 



(204) 


* EMME -- 

R = H , Me , 

R = H , Me ,C0Me ,C00Et 



J4H 2 

R-C 


^N-NH, 


♦ EMME-- 

R=Ph, 2-pyridyl 



COOEt 

=c 

COOEt 


In the reaction of pyridine-N-imides (204) and EMME in ethanol at 
ambient temperature for 20-25 hr, ylides 205 were prepared in 56-78% 
yields [73JCS(P 1)2580]. 

The reactions of amidrazones and EMME in ethanol at 0°C gave amino- 
methylenemalonates (206) in 71-78% yields (77BCJ957). 

Semicarbazide and thiosemicarbazide were reacted with EMME in boil¬ 
ing ethanol for 1 hr to give aminomethylenemalonates (207, X = O, S) in 
92 and 98% yields, respectively (64JMC68). 

Isothiosemicarbazone derivatives (208) were reacted with EMME in 
boiling benzene for 4 hr to afford aminomethylenemalonates (209) in 
43-96% yields [81BCJ1767, 81JOC3956; 85JOC5513; 88JCS(P1) 1897]. For 
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* 

H 2 N-C-NH-NH 2 ♦ EMME 


COOEt 

H-CH=C 

COOEt 


R 1 SR 2 

'c=n-n=c-nh 2 

R 

1208) 


♦ EMME -- 

R 2 = Me ,Et 


^ SR 2 (JOOEt 
JC=N-N=C-NH-CH=C 
R COOEt 

(209) 


the acetaldehyde derivative (208, R = H, R 1 = Me), a 95% yield was 
achieved when the reaction was carried out in boiling benzene in the 
presence of triethylamine for 6 hr (85JOC5513). 

Diaminomethylenehydrazones (210) were reacted with EMME in ben¬ 
zene at room temperature for 1 day (when R 1 = H) or at reflux temperature 
for 3 hr (when R 1 = Me) to give aminomethylenemalonate derivatives 
(211) in 60-89% yields (88CPB1963). 


£IH 2 

Ph-C=N-N-C * EMME -- 

R MeNR 1 


( 210 ) 


R= H,Me; R'= H , Me 


COOEt 

NH-CH=C 

Ph-C=N-N=C COOEt 
R MeNR 1 

(2111 


A 1 : 1 mixture of acetamide and EMME was heated during 3 hr. The 
temperature of the reaction mixture was gradually raised from 120°C to 
180°C, while the ethanol formed was distilled off to give acetamidomethy- 
lenemalonate in 75% yield (76RC661) (Scheme 24). When this mixture 
was heated at 180°C for 2.5 hr, diethyl acetamidomethylenemalonate was 
obtained in 10% yield (64JMC68). 

Condensation product (213) was prepared in 59% yield in the reaction 
of dihydrazide (212) and EMME in boiling ethanol for 15 min (79KGS319). 


COOEt 

MeCONHj ♦ EMME -- MeC0NH-CH=C 

COOEt 


Scheme 24 
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(212) 


COOEt 

HjNNHOCn. _ r CONHNH-CH=C 

— Ol COOEt 




* EMME 


/_^P COOEt 

0 g-CH=C 
W COOEt 


0 0 COOEt 

EtO-C-NHj + EMME -- EtO-C-NH-CH=C 

COOEt 

I2K) 


3-Oxomorpholine was reacted with EMME in boiling ethanol for 1 hr to 
afford (3-oxomorpholin-4-yl)methylenemalonate in 16% yield (64JMC68). 

The reaction of a 1 : 1 mixture of urethane (214) and EMME, on heating 
at 180°C for 2.5 hr, gave ethoxycarbonylaminomethylenemalonate in 20% 
yield (64JMC68). 

The reaction of cyanamide and EMME in ethanol in the presence of 
sodium ethoxide at ambient temperature for 24 hr gave the sodium salt of 
cyanaminomethylenemalonate (215) in 65% yield (76PHA536). The treat¬ 
ment of cyanaminomethylenemalonate with aqueous hydrochloric acid 
afforded (aminocarbonylamino)methylenemalonate (216) in 83% yield. 


NCNHj 


Na* . COOEt 
NCN-CH=C - 
COOEt 


HQ / H?0 


COOEt 

HjNC0NH-CH=C 

COOEt 


(215) 


(216) 


RNH 

to 

R’NH 


RN-CH=C-C00Et 

♦ EMME -- CO COOEt 

R’lilH 

R = H, Me.Et (217) 



R'= alkyl, cycloalkyl, aryl , 0CH 2 Ph, phenylalkyl 


1218) 
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COOR 

HjNC0NH 2 ♦ R'0CH=C 

doOR 


COOR R =Me,Et 
h : nconh-ch=C qor r 1 = Me ,Et 


Scheme 25 


Earlier, urea was reacted with EMME in the presence of sodium ethyl¬ 
ate in ethanol at ambient temperature for 7 days to give (aminocarbonyl- 
amino)methylenemalonate ( 216 ) in 22% yield (52JA4267). (Aminocar- 
bonylamino)methylenemalonate ( 216 ) was not obtained when urea and 
EMME were heated at 140°C (07MI1). 

The reactions of A/-substituted and A(,7V'-disubstituted ureas and 
EMME were carried out at 120°C for 12 hr, to give the corresponding 
(aminocarbonylamino)methylenemalonates ( 217 ), which were then used 
in the following cyclization step without purification (52JA4267). Alterna¬ 
tively, the reactions were carried out in the presence of ethanolic sodium 
ethoxide to give the corresponding pyrimidine-5-carboxylates ( 218 ) 
(64M265; 80H769; 81CPB3181). 

Urea was reacted with dialkyl alkoxymethylenemalonates in ethanol in 
the presence of 35% hydrochloric acid at room temperature for 3-4 days 
to afford dialkyl (aminocarbonylamino)methylenemalonates in 85-87% 
yields [79JAP(K) 144320; 80JAP(K) 104271] (Scheme 25). 

Thiourea and its ^-substituted derivatives readily reacted with EMME 
in hot ethanolic sodium ethoxide to yield 2-thiopyrimidine-5-carboxylates 
( 219 ) (42JA794; 56JA5294), With N-substituted thiourea, as in the case of 
N-substituted urea, the primary amino group was first involved in the 
reaction. 


NH 2 T NH -CH=C-C00Et" 

C=S ♦ EMME -~ C=S COOEt 

RNH |_RNH 

R = H , alkyl, aryl 


R" N 'Y'T°0Et 

0 

(2191 






X = o,s 

■cooR R = alk v l - ben 2 y* 


EMME 


( 220 ) 
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0-Methylisouronium sulfate and S-alkylisothioureas were reacted with 
EMME in methanolic sodium methoxide or aqueous ethanol, respectively, 
to yield 2-methoxy- and 2-alkylthiopyrimidine-5-carboxylates (220) 
(07MI2; 42JA794; 59MI4; 62JOC3614; 87MI9). 

The treatment of a suspension of sulfamide and EMME with aqueous 
sodium hydroxide at room temperature for 12 hr gave sulfamidomethylene- 
malonate (221) in 41% yield (78JHC253). 


COOEt 

HjNSOjNHj + EMME-- H 2 NS0,NH-CH=C 

aq. NaOM i 

COOEt 

( 221 ) 


COOMe 

iPrNHSOjNH, ♦ MeOCH=C 

(ioOMe 


iPrNHSOjNH-CH=C 

COOMe 


The reaction of isopropylsulfamide and dimethyl methoxymethylenema- 
lonate in methanol in the presence of sodium methoxide for 3 days at 
ambient temperature afforded sulfamidomethylenemalonate (222) in 84% 
yield (79LA950). 

Reactions between guanidines and EMME are discussed in Chapter 5, 
Section D. 

e. Anomalous Reactions 

When the reaction of enaminone ( 223 ) and dimethyl methoxymethy- 
lenemalonate was carried out in THF in the presence of butyllithium, 
pyrrolidinomethylenemalonate ( 224 ) was obtained in 4% yield. When this 
reaction conducted in DMF in the presence of potassium rtrr-butylate, 
pyrrolidinomethylenemalonate ( 224 ) and 2,3-dihydro-lf/-indolizin-5-one 
( 225 ) were prepared in 21 and 46% yields, respectively (88AP345). 

Instead of the amino group, position 4 of the imidazole ring was involved 
in the reaction of 5-amino-2-mercapto-l-methylimidazole ( 226 ) and EMME 
when they were heated under nitrogen, giving 4-imidazolylmethylenemalo- 
nate ( 227 ) (78H241). The same product was obtained when the hydrochlo¬ 
ride of imidazole ( 226 ) was reacted with N,N-dimethylaminomethylene- 
malonate in DMF or acetic acid. 
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( 223 ) 




COOMe 
♦ MeOCH-C 

_ COOMe 

' M = Li 



MeOOC^COOMe 


(2251 


( 224 ) 



file 

( 226 ) 


EMME 

or (jOOEt 
Me 2 N-CH=C 

iooEt 





( 227 ) 


Regioselective reactions took place between 4-aminopyrimidines and 
EMME (70CPB1385; 72JOC3980; 76JOC1095; 85JHCI469, 85JHC1735; 
87JHC1453; 89JHC1089). 

The reaction of 6-amino-E3-dimethylpyrimidine-2,4-dione and EMME 
in the melt at 210°C gave 7-oxopyrido[2,3-c/]pyrimidine ( 228 ) in 29% yield 
(76JOC1095), whereas in boiling acetic acid overnight, the yield was 85% 
(85JHC1469). 

When the reaction was conducted under basic conditions, in boiling 
ethanol overnight in the presence of sodium ethoxide, diethyl 4-pyrimidi- 
nylaminomethylenemalonate ( 229 ) was obtained in 99% yield. Compound 
229 could by cyclized to the isomeric 5-oxopyrido[2,3-</]pyrimidine ( 230 ) 
in 89% yield on boiling in diphenyl ether for 1 hr (85JHC1469). 

The reaction of 4,6-diamino-2-methylthiopyrimidine and EMME in boil¬ 
ing acetic acid overnight gave 7-oxopyridof2,3-c/]pyrimidine ( 231 ) in 36% 
yield (85JHCI735), whereas in boiling ethanol overnight, this reaction 
afforded NTh-aminopyrimidin^-yDaminomethylenemalonate ( 232 ) in 85% 
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12291 ( 230 ) 


,s-6L*' 


. ooEt 

* ch=c 




|_ N i jl COOEt 

MeS^N^NH-CH=C 

COOEt 



yield (85JHC1735). In the melt at 165°C for 40 min, the yield was 70% 
(72JOC3980). 

The reactions of4-amino-2-methylpyrimidines and EMME at 110- 180°C 
for 0.5-2.0 hr gave A r -(2-methylpyrimidin-4-yl)aminomethylenemalonates 
(233) in 35-85% yields (70CPB1385). 




K R 

* EMME —- XjL ^° C 

Me"^N'' K -NH-CH=C 


R = H, OH, OMe,OEt, OPh 
NMe , NHPh, NHPh -4-Cl 

-O 'O 'O 


ioOEt 


(2331 
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The cyclocondensation of l,3-dimethyl-6-methylaminopyrimidine- 
2,4-dione (234) and EMME at 200-230°C for 8 hr gave 1,3,8-trimethyl- 
2,4,8-trioxopyrido[2,3-</]pyrimidin-6-carboxylate (235) in 39% yield 
(87JHC1453). 



( 234 ) ( 235 ) 


Reaction of 2-methoxy-6-aminopyridin-4-ones (236) and EMME gave, 
in 22-38% yields, 4-pyrimidinylaminomethylenemalonates (237, R 1 = Et) 
in the melt at 165-170°C for 2-3 hr or in boiling ethanol for 1-4 days 
(89JHC1089). When the condensations were carried out in boiling metha¬ 
nol in the presence of sodium methylate for 1 day, reesterification also 
occurred to give dimethyl esters of 4-pyrimidylaminomethylenemalonates 
(237, R 1 = Me). Reactions in boiling ethanol in the presence of sodium 
ethylate afforded a mixture of 4-pyrimidinylaminomethylenemalonate 
(237, R = H, R 1 = Et) and pyrido[2,3-c/]pyrimidinecarboxylate (238), 
starting from 236 (R = H). Under similar reaction conditions, a 2-ethoxy 
derivative of 4-pyrimidinylaminomethylenemalonate (239) could be ob¬ 
tained starting from compound 236 (R = Me). When reactions were car¬ 
ried out in boiling acetic acid, 68% of 4,7-dioxopyrido[2,3-t/]pyrimidine 
(240, R = H) and 7% of 237 (R = H, R' = Et) were obtained from 236 
(R = H). Thirteen percent of 2,4,7-trioxopyrido[2,3-if|pyrimidine (241), 
5% of 4,7-dioxopyrido[2,3-c/]pyrimidine (240, R = Me), and 29% of 237 
(R = Me, R 1 = Et) were also isolated from the reaction mixture of 236 
(R = Me). 



COOEt 


( 239 ) ( 236 ) 




( 237 ) 


coor' 

=c 

coor’ 


0 OH 



( 240 ) 


( 241 ) 


( 238 ) 
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When Schiff’s bases (242), derived from ketones and rert-butylamine, 
were reacted with dimethyl methoxymethylenemalonate in diphenyl ether 
at 80-130°C for 1-15 hr, then at 190-250°C for 1-3 hr, 2-hydroxy-3- 
pyridinecarboxylates (243) were obtained by a one-pot procedure. In the 
first step of the reaction, the beta-carbon of the enamine moiety was 
involved instead of the amino group (89JHC773). 





tBu 

(242) 

R^^COOMe 

r ^s N A 0 

tBu 


R 'i( H 

R'C-nh 

tBu 


R'y-wCOOHe 

r A n A 0 h 

(24B) 


(jOOMe 

MeOCH=C 

COOMe 


R Vc^ C00 "e 

r-U nh COOMe 
tBu 


R = Et. Ph, 4-MePh, 4-MeOPh, 
4-N0 2 Ph. R 1 = Me , H 
R = R, = -(CH 2 )3-.-(CH 2 ) t - 


2. One-Pot Syntheses 

In the previous section, aminomethylenemalonates were obtained in 
the reactions of amines and alkoxymethylenemalonates. The latter were 
prepared in a separate step from dialkyl malonates and alkyl orthoformate. 
Aminomethylenemalonates can also be synthetized in a “one-pot” proce¬ 
dure, starting directly from the amine, dialkyl malonate, and alkyl orthofor¬ 
mate or its equivalent. 

Snyder and Jones obtained ethyl N-(3-chlorophenyl)aminomethyl- 
enemalonamate (244) in 77% yield when 2 mol of 3-chloroaniline was 
reacted with 1 mol of diethyl malonate and 1 mol of ethyl orthoformate 
at 160-165°C. The ethanol formed during the reaction was distilled off 
(46JA1253). 


C00R R = Me 86/. NH ph R = H 92% 

PhNH-CH=C R=E t 77% R-c' R = Me 67% 

CONHPh NPh 


j 3 l 

Cl-^5^NH-CH=C 


1244) 


(245) 


(246) 
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Wolfbeis investigated the reactions of amines and orthoesters with dif¬ 
ferent CH-acid molecules (81CB3471). When the reactions of aniline, ethyl 
orthoformate, and dialkyl malonates (2 mol) were carried out at 130-MOT 
for 4 hr, phenylaminomethylenemalonamates (245) were obtained 
(81CB3471). Similar reactions with aliphatic amines were unsuccessful. 
Phenylaminomethylenemalonic acid could not be prepared in the reactions 
of aniline, methyl orthoformate or orthoacetate, and malonic acid. When 
these reactions were carried out in 2-propanol, only amidines (246) were 
obtained. 

Egri et al. investigated the "one-pot” synthesis of N-(3-chlorophenyl)- 
aminomethylenemalonate (250), starting from equimolar amounts of 3- 
chloroaniline, diethyl malonate, and ethyl formimidate hydrochloride or 
ethyl orthoformate (73ACH2I7). The reaction involving ethyl formimidate 
hydrochloride was conducted in the presence of triethylamine at 
120-MOT for 2 hr and then at MOT for 80 hr. The ethanol formed in the 
reaction was continuously distilled off. N-(3-Chlorophenyl)aminomethyl- 
enemalonate (250) was obtained in 98-99% yields. 

When these reactions were monitored by means of thin-layer chromatog¬ 
raphy, the initial formation of an amidine (see Schemes 26 and 27, 247 or 
248) could be detected. The amidine then either reacted directly with 
diethyl malonate or was converted into another reactive intermediate, N- 
arylformimidate (249), which next reacted with diethyl malonate to give 
/V-(3-chlorophenyl)aminomethylenemalonate (250). 

In the case of ethyl formimidate hydrochloride, only a small amount of 
symmetrically substituted A/,N'-diarylformamidine (248) could be de¬ 
tected. Because of the higher reactivity of the unsymmetrically substituted 
compound (247), a shorter reaction period could be applied. 



Scheme 26 
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CI^CXnHj 


Cl C l 


COOEt 

' H * ^ H 1 00Et 

COOEt l |) V=r 

-* C, ^T dooEt 

( 250 ) 


/V-(3-Chlorophenyl)aminomethylenemalonate (250) was also prepared 
in 95% yield when a mixture of N,A('-bis(3-chlorophenyl)formimidate 
(0.5 mol) (248), diethyl malonate (1.8 mol), and ethyl orthoformate 
(0.55 mol) was heated at 130°C for 10 hr in the presence of a catalytic 
amount of ZnCl,or MgCU. The ethanol formed in the reaction was distilled 
off (73MIP1). 

Anilines were first reacted with ethyl orthoformate to give N,N'- 
diarylformamidines, which were then treated with a second batch of ethyl 
orthoformate and diethyl malonate in the presence of ZnCl 2 to afford 
arylaminomethylenemalonates (251) (86M1P1). 



HC(0Et) 3 

COOEt 

CH 2 /ZnCU 
i00Et 


COOEt 
JH-CH=C 
i» dooEt 


The uncatalyzed reactions between anilines, ethyl orthoformate, and 
diethyl malonate afforded ethyl arylaminomethylenemalonamates (252) in 
67-85% yields (87SC549). However, if the malonate was first reacted with 
ethyl orthoformate and acetic anhydride in the presence of a catalytic 
amount of ZnCl 2 at boiling temperature for 5 hr and aniline was then added 
to the reaction mixture, reflux being maintained for 0.5 hr, arylaminometh¬ 
ylenemalonates (253) were obtained in 52-85% yields. 

It was claimed that arylaminomethylenemalonates were obtained in the 
reactions of anilines, malonate, and ethyl orthoformate (76USP3981717). 

Ayyangar et al. prepared a number of arylaminomethylenemalonates 
(255) in 86-96% yields by starting from arylamines, ethyl orthoformate, 
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COOEt 

CH 2 ♦ HCIOEtlj 
COOEt 



COOEt' 
EtOCH=C 

COOEt 


n-Cl — «C 1 ^ 


R = H , 3-Cl , 3-N0 2 (252) 

Me, /»-MeO 




R "CXnh, R C^nh- 


COOEt 

•CH=C 

COOEt 


and diethyl malonate (820PP327). They reacted the arylamine with half of 
the stoichiometric quantity of ethyl orthoformate at 130- 135°C for 2 hr, and 
the intermediate bis(aryl)formamidine that formed (254) (without isolation) 
was treated with the second half of the ethyl orthoformate and half of the 
stoichiometric quantity of diethyl malonate in the presence of a catalytic 
amount of anhydrous ZnCl 2 for 5 hr at 130-135°C. Finally, the remaining 
diethyl malonate was added, and the reaction mixture was stirred for 
15 hr under identical conditions to give arylaminomethylenemalonate 
(255). 



1/2 HC(OEt) 3 


2h 

130-135 °C 



1/2 HC(OEt)} 15h 
COOEt /ZnC[j 

1/2 ( r Hj 130-135°c 
COOEt 



(25 M 

R = H, 2—Cl, 3-Cl, ^ — Cl 
it-OMe , 3-0Me, *»-N0? 
R’=H 


R and R’= 2A-diCl, 3,it-(CH=CH) 2 - 


The reactions of anilines, alkyl orthoformate, and dialkyl malonates 
in the presence of FeCI 3 catalysts at 100-140°C for 6 hr gave dialkyl 
arylaminomethylenemalonates (256) in very good yields (87M1P3; 
880PP93). 


„CL coc 

C00R 3 


R = H , 3-N0j, /t-NOj 

2- Cl, 3-Cl. A.-CI 

3- 0Me.t-0Me, 3-Me 
R’=H ,6-0Me,it-Cl 


R 2 = Me, Et, Pr, iPr 
R J = Me ,Et 


^Cr^^NH-l 


COOEt 

•CH=C 

COOEt 


(256) 


R = Et.Bu, iBu 
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Guo et al. prepared N-(3-chloro-4-fluorophenyl)aminomethylenemalo- 
nate (256, R = 3-C1, R 1 = 4-F, R 2 = R 3 = Et) in 60-70% yields when 
3-chloro-4-fluoroaniline was reacted with triethyl orthoformate and 
diethyl malonate in the presence of a Lewis acid. From the reaction 
mixture, ethyl jV-(3-chloro-4-fluorophenyl)-2-[(3-chloro-4-fluorophenyl)- 
aminomethylene]malonamate and A-O-chloro^-fluorophenyDformanilide 
were also isolated as byproducts (88MI3). 

Egri et al. prepared A r -(3,4-dialkoxyphenyl)aminomethylenemalonates 
(257) in over 90% yields in the reactions of 3,4-dialkoxyanilines, ethyl 
formimidate hydrochloride and diethyl malonate in the presence of trieth- 
ylamine (70MIP3). The reaction mixtures were gradually heated to 120°C 
for 2 hr and were then reacted at 140°C for 10 hr, while the ethanol formed 
was continuously distilled off. These phenylaminomethylenemalonates 
(257) were also prepared in over 93% yields in the reactions of 3,4-dialkox¬ 
yanilines, ethyl orthoformate, and diethyl malonate in the presence of 
catalytic amounts of water at 140°C for 60 hr. 

A r -(3,4-Methylenedioxyphenyl)aminomethylenemalonate (258) was pre¬ 
pared in 81% yield by heating a 1 : 1: 1 mixture of 3,4-methylenedioxyani- 
line, ethyl orthoformate, and diethyl malonate in the presence of ZnCl-, at 
120-140°C for 4 hr [73JAP(K) 15879], 


oa ,c„r <xy,jCO cajV) 

COOEt H C0NH‘ A ' v ^0 


When a mixture of 3,4-methylenedioxyaniline, ethyl formimidate, and 
diethyl malonate was reacted at 110-I20°C for 6 hr, 30% of diethyl malo¬ 
nate and 19% of 3,4-methylenedioxyaniline were recovered. In addition, 
18% of A r -(3,4-methylenedioxphenyl)aminomethylenemalonate (258), 11% 
of formamidine (259), and 7% of A/-(3,4-methylenedioxyphenyl)amino- 
methylenemalonamate (260) were isolated from the reaction mixture by 
means of column chromatography (74MI2). 

Labeled A r -(3,4-methylenedioxyphenyl)aminomethylenemalonate (258) 
was obtained in 54% yield after column chromatography when a 1.2: 1 : 1.2 
mixture of 3,4-methylenedioxyaniline, diethyl l4 C-malonate, and ethyl or¬ 
thoformate was reacted at 122-125°C for 7.5 hr in the presence of anhy¬ 
drous ZnCl, (74MI2). 

4-Arylazo-l-naphthylamines were first reacted with ethyl orthoformate 
in boiling xylene for 2 hr; diethyl malonate and piperidine were then slowly 
added to the reaction mixture over a period of 15-20 min. The resulting 
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solutions were refluxed for 5 hr to give 1-naphthylaminomethylenemalo- 
nates (261) in 72-75% yields (80MI1). 



R'= Cl, Me, R 2 = H ; R 1 = Cl 


COOEt 

ch 2 

COOEt 


, R 2 = MeO 



A mixture of 2-amino-6-methylpyridine, ethyl orthoformate, and di¬ 
ethyl malonate was heated at 150°Cfor 1 hr to give N-(6-methyl-2-pyridyl)- 
aminomethylenemalonate (262, R = 6-Me, R 1 = Et) in 77% yield 
[74JAP(K)88879], 


^ COOR 1 

'N^^NH-CH=C 

COOR 1 

1262 ) 


.XX*-, 


COOR 1 

•CH=C 

ioNH" 


,xx. 


ooc 

a 


COOEt 
•NH-CH=C 

COOEt 

1264 ) 


R=H,Me r’= Me ,Et R = H , Me R'= Me , Et, isoamyl 


2-Pyridylaminomethylenemalonates (262) were prepared in over 90% 
yields in the reactions of 2-aminopyridines, ethyl orthoformate, and dialkyl 
malonates at 130°C for 3-6 hr (73GEP2227651; 87SC549). 

Under similar reaction conditions, radioactive N-(6-methyl-2- 
pyridyDaminomethylenemalonate was prepared by starting from diethyl 
( l4 C-carboxyl)malonate (75MI2). 

In the uncatalyzed condensations of 2-aminopyridines, alkyl orthofor¬ 
mate, and dialkyl malonate at 110°C, 2-pyridylaminomethylenemalona- 
mates (263, R = H, Me; R 1 = Me, Et) were obtained in 20-25% yields. 
When isoamyl orthoformate was applied, a 5.2 :4.8 mixture of ethyl and 
isoamyl N-(6-methyl-2-pyridyl)aminomethylenemalonamates (263, = Me, 
R 1 = Et and isoamyl) was isolated in 90% yield (87SC549). 

The reactions of ethyl 2-aminopyridine-4- and-5-carboxylates, ethyl or¬ 
thoformate, and diethyl malonate in the presence of ZnCl 2 at 100-120°C 
for 15 min afforded 2-pyridylaminomethylenemalonates (264) in 53-71% 
yields (78MI5). 

2-Pyridylaminomethylenemalonates (265) were prepared in 40-60% 
yields in the reactions of 2-aminopyridines (R 1 = H) and 2-(alkylamino)- 
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pyridines (R 1 = Et, Pr, decyl), ethyl orthoformate, and dialkyl malonates 
at 150-155°C for 5 hr and then at 160-170°C for 1 hr [74JAP(K)270]. 


|^ N j| C00R 2 ^ Q0Et COOEt 

R A N Jk NR i_ CH =c Ax^nA N h-CH=C 

^-OOR 2 ^ 

( 265 ) 1266 ) ( 267 ) 

R = Me,Et, R'= H.Et.Pr, decyl X=0,R=H 
R 2 =Me,Et X=S, R = Et 


N-Ethyl-./V-(6-methyl-2-pyridyl)aminomethylenemalonate (265, R = 
Me, R 1 = R 2 = Et) was prepared in 16-66% yields in the reaction of 2- 
(ethylamino)-6-methylpyridine, diethyl malonate, and ethyl orthoformate 
in the presence of acidic catalysts (AcOH, EtCOOH, Dianion WK-11) at 
150-I60°C for 2-3.5 hr [74JAP(K) 109383], 

The monoethyl A/-(6-methyl-2-pyridyl)aminomethylenemalonate was 
prepared in 34% yield in the reaction of monoethyl malonate, ethyl ortho¬ 
formate, and 2-amino-6-methylpyridine in the presence of catalytic 
amounts of A1C1 3 at 110-115°C for 45 min (72AF815). 

2-Quinolylaminomethylenemalonates (267) were prepared in the reac¬ 
tions of 2-aminoquinoline, ethyl orthoformate, and malonic acid deriva¬ 
tives (266) in the presence of A1C1 3 at 135-140°C for 30 min (74MIP1). 

The reactions of urea, dialkyl malonates, and alkyl orthoformates at 
reflux temperature for 10 hr gave dialkyl ureidomethylenemalonates (268, 
R = H) in 40% yield (53JA671), while in the reaction at 130°C for 4 hr the 
yield was 66-69% [77JAPUQ131529; 81CPB3181]. 


C00R 1 R=H R ’= M *.Et 
RHNC0NH-CH=C 

COOR 1 R = cyclohexyl, R’=Et 


( 268 ) 


R ' =H - Et 



( 269 ) 


R = Me ,Ph 


The reaction of cyclohexylurea, ethyl orthoformate, and malonic acid 
overnight gave N-cyclohexylureidomethylcnemalonic acid (268, R = 
cyclohexyl, R 1 = H) in 92% yield (53JA671). 

The reaction of A-tetrahydropyranylurea, ethyl orthoformate, and di¬ 
ethyl malonate or malonic acid at 85°C for 7 days afforded A/-tetrahydropy- 
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ranylureidomethylenemalonic acid derivatives (268, R = tetrahydropy- 
ranyl, R 1 = H, Et) (80H769). 

In the reactions of equimolar amounts of 3,4-diisobutoxyaniline, diethyl 
malonate, and ethyl imidate hydrochlorides in the presence of triethyla- 
mine at 120°C for 2 hr and then at 140°C for 15 hr, 2-substituted quinoline- 
3-carboxylates (269) were prepared (73ACH217). 

3. From Aminomethylenemalonates 

The reactions of diethyl N,N-dimethylaminomethylenemalonate and 
anilines in acetic acid at ambient temperature for 8-10 hr gave arylamino- 
methylenemalonates (270) in 57-84% yields (70GEP1936758; 71S220). 



COOEt CH=C-C00Et 

(270) (271) (2?2) ^ 00Et 

R oH , OMe, OEt, OiBu 

6-Benzothiazolylaminomethylenemalonate (271) was prepared in 77% 
yield in the reaction of 6-amino-2-methylthiobenzothiazole and diethyl 
/V.JV-dimethylaminomethylenemalonate in acetic acid at 70-80°C for 5 hr 
(76CPB130). The same product (271) was obtained in 85% yield in the 
reaction of 6-aminobenzothiazole and EMME in Dowtherm A at 
110-130°C for 1 hr. 

Diethyl A-hetarylaminomethylenemalonates were prepared in good 
yields in the reactions of diethyl N,N-dimethylaminomethylenemalonate 
and 5-aminoimidazole, 5-aminoisothiazole or 2-aminothiophene hydro¬ 
chlorides in DMF or acetic acid at 20-80°C for 1-5 hr [77JAP(K) 116460], 

Diethyl A.A-dimethylaminomethylenemalonate was reacted with ben- 
zylamine in ethylene glycol to give diethyl N-benzylaminomethylenemalo- 
nate in 90% yield (81ZOR2421). 

Diethyl A.A-dimethylaminomethylenemalonate was reacted with 7,8- 
difluoro-3-methyl-l,4-benzoxazine in acetic acid at 80-90°C for 5 hr 
to give (1,4-benzoxazin-4-yl)methylenemalonate (272) in 74.8% yield 
[86JAP(K)246172, 86JAP(K)246188], 

1-Amino-l-cyclopenten-3-one was reacted with diethyl aminomethyl- 
enemalonate (13) in the presence of a catalytic amount of p-toluenesulfonic 
acid at 120-130°C for 39 hr to afford (V-(3-oxocyclopenten-l-yl)amino- 
methylenemalonate (273) in 14% yield (75JHC1245). 
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COOEt 

(X)7 n-ch=c 
W COOEt 
n= 0; n= 1 X = CH 2 ,0 


(273) 


(274) 


Diethyl aminomethylenemalonate (13), formed in the reaction of diethyl 
malonate and s-triazine in boiling ethanol, was reacted with piperidine, 
morpholine, or pyrrolidine in boiling ethanol for 1-3 hr to give AM 1- 
azacycloalk-l-yl)methylenemalonates (274) in 74-78% yields (76T2603; 
77AP353). 


rU rV 

1 or VoEt 

R-^0 R^OEt 


method A R 'j| COOEt 

1131 or method B R^NH-CH=C 


R = R 1 = 
R =Me, 


'(CHjJn ,n = 3 - 5 ; R = R’=-CHMe(CH 2 ) 3 -; (27 

R 1 ! COMe . COOEt, SOjMe , S0 2 Ph ; R = H , R’= COMe 


COOEt 


N-Substituted aminomethylenemalonates (275) were obtained in 5-56% 
yields in the reactions of diethyl aminomethylenemalonate (13) and ke¬ 
tones or ketals in the presence of phosphorus pentoxide in THF at room 
temperature for 1-5 days (method A) or by heating in the presence of a 
small amount of p-toluenesulfonic acid in o-xylene for 15-22 hr (method 

B) (75JHC1245). Methyl ethyl ketone and acetophenone did not react 
under these conditions. Under the conditions of method B, 2-methylcyclo- 
hexanone gave AM2-methylcyclohexen-l-yl)aminomethylenemalonate 
(276, R = Me) in 36% yield. Cyclohexanone diethyl ketal and diethyl 
aminomethylenemalonate (13) were reacted at 140°C for 35 hr (method 

C) to give AMcyclohexen-l-yl)-aminomethylenemalonate (276, R = H) in 
35% yield (75JHC1245). When cyclopentanone was reacted with diethyl 


C j< R COOEt 

^NH-CH=C 

iooEt 



O' 


COOEt 
= C 

COOEt 


(278) 

X= 0,S,)NC00Et,MeCH' 

EtCHC , fV 
O' 


( 276) 

R = H , Me 


(277) 
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aminomethylenemalonate (13) under the conditions of method A, only N- 
[2-(l-cyclopentenyl)cyclopenten-l-yl]aminomethylenemalonate (277) in 
8% yield could be isolated from the reaction mixture. 

Other variations of condensation agents (ethanolic hydrochloric acid, 
ZnCI 2 in THF, Triton B in dioxane, using AIC1,, TiCl 4 , or molecular sieves) 
to promote the reaction of cyclopentanone and diethyl aminomethyl¬ 
enemalonate (13) were unsuccessful (75JHC1245). 

The reactions of diethyl aminomethylenemalonate (13) and phenyl ke¬ 
tones (R and R 1 = Me, Ph) on heating in xylene or decalin in the presence 
of a catalytic amount of p-toluenesulfonic acid at 175-185°C for 24 hr gave 
N-substituted aminomethylenemalonates (275, R = Me, Ph and R 1 = Ph; 
R = Ph and R 1 = Me) in 14-52% yields [77JHC477; 78JAP(K)63382], 

Cycloalkanones were reacted with diethyl aminomethylenemalonate 
(13) in boiling toluene or xylene in the presence of dichloroacetic acid or 
p-toluenesulfonic acid monohydrate under nitrogen or argon for 2.5-7 
days, and under a water separator, to give N-( 1 -cycloalkenyl)aminomethy- 
lenemalonates (275, R = R 1 = —(CH 2 ) n —, n = 6-10) (88EUP270494). 

Diethyl aminomethylenemalonate (13) was reacted with tetrahydrothio- 
pyran-4-one in boiling toluene for 48 hr in the presence of p-toluenesulfonic 
acid to give Af-(thiopyran-4-yl)aminomethylenemalonate (278, X = S) 
(86EUP168350; 87USP4647566). 

Similar reactions were carried out with 4//-tetrahydropyran-4-one, 
l-ethoxycarbonyl-4-piperidone, 4-alkylcyclohexanones, and 1,4-dioxa- 
spiro[4,5]decan-8-one to give the corresponding aminomethylenemalo¬ 
nates (278, X = O, NCOOEt, MeCH, EtCH, (CH,0),C) (86EUP168350; 
87USP4647566). 

3- Oxotetrahydrothiophene was condensed with diethyl aminomethyl¬ 
enemalonate in boiling toluene for 60 hr in the presence of p-toluenesul- 
fonic acid monohydrate under a Dean-Stark water collector to give a 1 : 1 
mixture of N-( 2,5- and 4,5-dihydro-3-thienyl)aminomethylenemalonates 
(279 and 280) (87USP4647566). 

S'jl COOEt sQ COOEt N^jl COOEt 

^NH-CH-C '^NH-CH^C Me 2 N''%l^''NH-CH=C 

COOEt COOEt COOEt 

( 279) (280) (2811 

4- Chloro-2-(dimethylamino)pyrimidine was reacted with diethyl amino¬ 
methylenemalonate in ethanol in a sealed tube at 140°C for 6 hr to give 4- 
pyrimidinylaminomethylenemalonate (281) in 73% yield (72USP3673184). 

Dimethyl 1-aminoethylidenemalonate (282) was reacted with sulfa- 
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moyl chlorides in toluene in the presence of triethylamine to afford TV- 
substituted 1-aminoethylidemalonates (283) in 60-62% yields (79LA950). 


Me v / C00Me 

RNHSOjCl ♦ C=C -■ 

H 2 N / 'COOMe NEtj 

R=iPr,-(V> (282 ) 


Me s ,C00Me 
C=C 


RNHS0 2 HN' 'COOMe 
(283) 


The reaction of diethyl aminomethylenemalonate (13) and methyl aceti- 
midate in ethanol at room temperature for 24 hr gave an acetimidine 
derivative (284) (59BCJ188). 


NH COOEt COOEt 

Me-C-NH-CH=C MejN-Ct^N-Ct^C 

COOEt ioOEt 

1284) (285) 


<°xx,-c„=r 


The reaction of diethyl aminomethylenemalonate (13) and N,N- 
dimethylformamide diethyl acetal in boiling acetic acid gave diethyl TV- 
(dimethylaminomethylene)aminomethylenemalonate (285) in 64% yield 
(87KFZ1249). 

TV-Ethyl-TV-(3,4-methylenedioxy)aminomethylenemalonate (286) was 
prepared in 64% yield via the reaction of TV-(dimethylaminomethylene)ami- 
nomethylenemalonate (285) and TV-ethyl-3,4-methylenedioxyaniline in 
boiling acetic acid for 5-10 min (87KFZ1249). 

4. From Dialkyl Halomethylenemalonates 

The reaction of 1 mol of dimethyl chloromethylenemalonate (287, 
X = Cl) and 2 mol of anilines in acetonitrite at ambient temperature for 
1 hr gave arylaminomethylenemalonates (288) in 20-50% yields 
[72JCS(P2)1823]. 


COOMe Rv=x COOMe 

♦ X-CH=C -- £^Vnh-CH=C 

COOMe W COOMe 

R = H , 4-Me , 4-Br (287 ) X=Cl.Br 
3-Me ,3-MeO, 2,6-Me* 




(288) 
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Diethyl amino(4-nitrophenyl)methylenemalonates (290) were prepared 
in 50-60% yields in similar reactions, starting from diethyl (4-nitrophenyl) 
(4-bromophenylsulfonyloxy)methylenemalonate (289) and morpholine or 
piperidine. 


X = 0,CH 



1289) 


COOEt 

COOEt 


C5 


,COOEt 
‘COOEt 
1290) 


Rappoport and Topol investigated the displacement of the halogen of 
bromo- and chloromethylenemalonates (287; X= Br, Cl) by several substi¬ 
tuted anilines and that of the brosyloxy group of (4-nitrophenyl)(4-bromo- 
phenylsulfonyloxy)methylenemalonate (289) by morpholine and piperi¬ 
dine, in acetonitrile. A rate-determining nucleophilic addition of the 
amines was suggested as the mechanism for these reactions. Activation 
parameters (AH*, AS*) were determined [72JCS(P2)1823]. 

Dimethyl (V,N-disubstituted aminomethylenemalonates (291) were pre¬ 
pared in 35-82% yields by the addition of dimethyl chloromethylenemalo- 
nate (287, X = Cl) in diethyl ether to an ethereal solution of secondary 
aliphatic or cyclic amines in the presence of triethylamine at 0-5°C, after 
which the reaction mixtures were stirred at ambient temperature 
(78T2315). 


R COOMe 

N-CH=(! 

R 1 COOMe 

(291) 

R = R’= Et, iPr 
R = R'= (CH 2 ) n r 


C[ COOEt 
C=C 
iooEt 


■Q- 


„<□ iooB 

(293) 


( 292) 

R= 4-Me, 2-Cl ,fc-Cl, 2,6-diCl, 


Dimethyl chloromethylenemalonate (287, R = Cl) was reacted with 
2 mol of amines in acetonitrile at room temperature for 24 hr. The reaction 
mixtures were filtered and the filtrates were evaporated in vacuo to give 
aminomethylenemalonates [291, R = R 1 = (CH-,) n , n — 4, 5; R = H, 
R 1 = tert- Bu, 4-ClPh, cyclohexyl] in 58-80% yields (79RRC1143). 

Diethyl chloro(substituted phenyDmethylenemalonates (292) were re¬ 
acted with 1,2,4-triazole in boiling acetonitrile in the presence of potassium 
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carbonate to give (l,2,4-triazol-l-yl)(substituted phenyl)methylenemalo- 
nates (293) in good yields (80GEP2908377). 

Diethyl chloro(l-propenyl)methylenemalonates (294) were reacted with 
anilines in the presence of triethylamine in toluene at 85°C for 12 hr, or in 
the absence of a solvent at 90°C for 12 hr, to give (substituted phenylam- 
ino)(l-propenyl)methylenemalonates (295) in moderate yields (88JOC880). 

= / 00B _ raw. 

'cOOEt NEt 3 Rk=c( ~ 'COOMe 

Me H 

R = H, R'=0H, R J = Me (29M 1295 ) 

R = Me , R’= R 2 = H 

To a solution of dimethyl chloromethylenemalonate (1 mol) (287, 
X = Cl) in diethyl ether at -50°C, a solution of amine (2 mol) (296) was 
added dropwise, and the reaction mixture was then stirred at ambient 
temperature for 2 hr to give aminomethylenemalonate (297) in 8% yield 
(85LA2206). 



SnMe 3 

I + 1287), X =Cl 

PlT N "Ph 

(296) 


Ph 2 N COOMe 

H / C=C x 
X COOMe 

Ph 2 NC=C^ C V H 
(297) 


Dialkyl chloro(dialkylamino)methylenemalonates were reacted with 
diethyl phosphite to give dialkyl (dialkoxyphosphinyl)(dialkylam- 
ino)methylenemalonates (84MI3). 

The reaction between the sodium salt of diethyl 2-[2-()V-substituted 
amino)-4-thiazolyl]malonate (298) and diethyl chloromethylenemalonate 
in THF at ambient temperature for 1-10 hr occurred on the central carbon 
atom of the malonate (298), not on the amino group, to give tetraesters 
(299) in 10-70% yields (86EUP168025). 


JtS 


CICH=C 

COOEt 


(298) R = CHO, CPh 3 , C0CH 2 CI. COOtBu 


COOCHjPh 


C(C00Et) 2 

RH N ^ s l^ H=(C00Et1 ^ 

( 299 ) 
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5. From Dialkyl 2-Acylmalonates 

The reaction of N-phenylhydroxylamine and diethyl formylmalonate 
in 60% aqueous methanol at room temperature gave AMiydroxy-/V- 
phenylaminomethylenemalonate (300) (25JCS1748). 

0 COOEt OH COOEt 

Ph-NH-OH ♦ VcH -- Ph-N-CH=C 

H COOEt COOEt 

1300) 


R COOEt COOEt 

'c=c / ♦ rconhr' + ch 2 

R-NH COOEt COOEt 

(301 ) 

Generally, the reactions of amines and 2-acylmalonates afforded not 
only the corresponding l-(substituted amino)alkylidenemalonates (301), 
but also carboxamides and diethyl malonate (39JA2890: 54JIC711; 
77GEP2705446). 

If anilines were reacted with diethyl 2-acetylmalonate in nitrobenzene 
at 230-235°C for 1 hr, 3-acetyl-2,4-dihydroxyquinolines were obtained in 
60-63% yields (46JA324). 

Gould and Jacobs obtained a 70% yield of l-(phenylamino)ethylidene- 
malonate (301, R = Me, R 1 = Ph) with 30% of acetanilide (R - Me, 
R 1 = Ph) in the reaction of diethyl 2-acetylmalonate (R = Me) and aniline 
at ambient temperature for 3 days (39JA2890). However, in the reaction 
of acetylmalonate and 3-aminonaphthostyril at ambient temperature for 
several months, only 2-acetylmalonamate (302) was obtained (39JA2890). 



l-(2-Trifluoromethylphenylamino)ethylidenemalonate (301, R = Me, 
R 1 = 2-CF 3 Ph) was prepared in 51% yield in the reaction of diethyl acetyl¬ 
malonate and 2-trifluoromethylaniline at 100°C for I hr (77GEP2705446). 
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Diethyl 2-benzoylmalonate was reacted with anilines to give diethyl 
(arylamino)phenylmethylenemalonates (6, R = H, 2-Me, 4-Me, 4-C1) in 
28-38% yields (54JIC711). 


6. From N-(Het)arylformimidates 

Arylaminomethylenemalonates (303) were obtained in 82-95% yields in 
the reactions of dialkyl malonates and N-arylformimidates in the presence 
of a catalytic amount of base (piperidine, sodium methylate, or potassium 
acetate) at 95-105°C for 24-30 hr (53USP2638480). 

R CODR 1 

5 A-N=CH-0Et + CH Z 
(foOR 1 

R = H, 3-Cl, 4-Et, 4-NMe 
R’= Me , Et , Pr, Bu 

6,7-Dialkoxyquinoline-3-carboxylates (304) were prepared in 59-79% 
yields when diethyl malonate and N-arylformimidates were reacted in the 
presence of a catalytic amount of N.N-dimethylaniline at 120-150°C. The 
reaction mixtures were then diluted with paraffin oil preheated to 150°C 
and finally heated at 270°C for 15-30 min (72ACH351). 


"0 


C00R 1 

l-CH=C 

C00R 1 

(303) 


(fOOR 


COOEt 

H-CH-C 


R = R 1 =Me,Et.iBu,C 12 H 25 , CHjPh, R = C, 2 H 25 R^Me 



(304) 


N-(6-Methyl-2-pyridyl)aminomethylenemalonate (306) was obtained in 
86% yield in the reaction of a 1:1 mixture of N-(6-methyl-2-pyridyl)- 
formimidate (305) and diethyl malonate at 150°C for 1 hr [74JAP(K)93370], 

^ , P Et 

XU ♦ ch 2 

Me^N^N=CH-OEt ^ 00Et 
1 305) 



iooEt 

(306) 


2-Amino-6-methylpyridine was reacted with ethyl orthoformate in the 
presence of acetic acid at 80-110°C for 1.5 hr to give formimidate (305), 
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which was reacted with diethyl malonate in the presence of sodium acetate 
and acetic acid at 130°C. In this reaction, the ethanol formed was continu¬ 
ously distilled off to give N-(6-methyl-2-pyridyl)aminomethylenemalonate 
(306) in excellent yield (83MIP1). 

A similar reaction was carried out starting from 3,4-methylenedioxyani- 
line to afford N-(3,4-methylenedioxyphenyl)aminomethylenemalonate 
(258) in 83% yield (83MIP2). 

The sodium salt of diethyl malonate was reacted with 1-substituted 4- 
cyano-5-(ethoxymethyleneamino)pyrazoles in boiling ethanol for 1 hr to 
give N-(5-pyrazolyl)aminomethylenemalonates (307) in 30% and 60% 
yields (76CPB3120; 86EUP174832). 

CN 

n~i cooEt 

N' N ^"NH=CH-C 
jl, COOEt 

(307 ) 


iooEt 


R = Me ; 2,3,4-Cl 3 Ph 


7. From Amidines 

Dans obtained arylaminomethylenemalonamates (252) when N,N'- 
bisarylamidines were reacted with diethyl malonate at 150°C for 2- 
3 hr (02CB2496). Under these reaction conditions, the primarily formed 
arylaminomethylenemalonates (253) reacted further with anilines to give 
arylaminomethylenemalonamates (252). Later, more arylaminomethyl¬ 
enemalonamates (252) were similarly prepared (09JA1148; 13JA970; 
46JA1251; 49BRP627297). 

This route was not applicable for the preparation of 2- and 4-nitrophenyl 
derivatives of 252 (R = 2-N0 2 , 4-N0 2 ), as the amidines obtained from 2- 
and 4-nitroanilines were not soluble in diethyl malonate (49JOC277). 

Under carefully controlled reaction conditions, arylaminomethylene¬ 
malonates (253) could also be prepared (46JA1255; 49JOC277; 
50USP2494801; 52USP2614121; 53USP2638480; 65EGP39681, 65MIP1; 
66JOC4003; 73MIP1). When the reaction was carried out at lower temp¬ 
erature (103-118°C) for 3-13 hr, arylaminomethylenemalonates (253) 
could be isolated, but they also contained small quantities of arylamino¬ 
methylenemalonamates (252) (46JA1255; 49JOC277; 50USP2494801; 
52USP2614121). Fischer reacted N,N'-bis(3-chlorophenyl)formamidine 
(248) and diethyl malonate in boiling benzene for 16 hr (50USP2494801). 
Ammonium nitrate was applied as an effective promoter in the latter 
reaction (63MI1). 
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Sodium methylate, potassium acetate, and piperidine were also applied 
as catalysts in the reactions of amidines and dialkyl malonates 
(53USP2638480). 

N-(3-Chlorophenyl)aminomethylenemalonate (250) was obtained in 
pure form in 94% yield when N,A7'-bis(3-chlorophenyl)formamidine (248) 
(1 mol), diethyl malonate (1 mol), and ethyl orthoformate (1.2 mol) were 
reacted for 20 hr at 126°C, the ethanol evolved being continuously distilled 
off. More diethyl malonate (1 mol) was then added to the half-converted 
reaction mixture, and the reaction mixture was stirred at 126°C for 48 hr 
(65MIP1; 66JOC4003). Under these conditions, the formation of N-( 3- 
chlorophenyl)aminomethylenemalonamate (252, R = 3-C1) could be ex¬ 
cluded because the 3-chloroaniline formed in the reaction of amidine and 
malonate was simultaneously converted to amidine by ethyl orthoformate. 

N-(3-Ethoxy-4-decyloxyphenyl)aminomethylenemalonate (309) was 
prepared in the reaction of the amidine (308), diethyl malonate, and ethyl 
orthoformate in the presence of ammonium chloride at 125-130°C for 1 hr 
(68FRP1531495). The crude ester (309) was applied without purification in 
the cyclization step. 


C,oH 21 Oy^ /wOC 10 H 21 ^ COOEt 


HClOEth + NH t Cl 


125 - 130°C 


(508 ) 


-_ ^o H 2i°>pis COOEt 

Et0' J \^NH-CH=C 

COOEt 

(5091 


Starting from the appropriate amidines (254, R = 3-C1, R 1 = H, and 
R = R 1 = 3,4-diisobutyl), diethyl malonate and ethyl orthoformate, N- 
(3-chlorophenyl)- and /V-(3,4-diisobutylphenyl)aminomethylenemalonates 
(250 and 257, R = diisobutyl) were prepared in 92% yields, respectively 
(69M1P1). 

N-(6-Methyl-2-pyridyl)aminomethylenemalonate (306) was prepared in 
94% yield in the reaction of A7,N'-bis(6-methyl-2-pyridyl)formamidine and 
diethyl malonate in the presence of ethyl orthoformate at I50°C for 1 hr, 
the ethanol formed being removed [74JAP(K)101380]. 

N-(6-Methyl-2-pyridyl)aminomethylenemalonate (306) was also ob¬ 
tained in 95% yield in the reaction of N,A7-dimethyl-N'-(6-methyl-2- 
pyridybformamidine and diethyl malonate at 100-130°C for 12-50 hr 
(76MIP2) or in 47-53% yields in acetic acid at 130-150°C for 45-60 min 
(84URP1097620). 
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A,A'-Bis(cyclohexyIaminocarbonyl)formamidine (310) was reacted 
with diethyl malonate in ethanol at 70°C for 60 hr to give A-(cyclohexylami- 
nocarbonyl)aminomethylenemalonate (311, R = Et) in 24% yield (53- 
JA671). The similar reaction of malonic acid at room temperature for 
3-4 min afforded (cyclohexylaminocarbonyl)aminomethylenemalonic 
acid (311, R = H) in 65% yield. When bis(cyclohexylaminocarbonyl)for- 
mamidine (310) was reacted with 1 : 1 molar mixture of diethyl malonate 
and malonic acid in ethanol at 70°C for 5 min, only malonic acid (311, 
R = H) was obtained, in 76% yield. 




NHC0N=CHNHC0NH- 




C00R 


C00R 

NHC0NHCH=C 

C00R 

(311) 


8. From Nitriles and Dialkyl Malonates 

The reactions of dialkyl malonates and halogenated acetonitrile or propi- 
onitrile in the presence of sodium or sodium hydride for 2-3 hr gave the 
corresponding (halogenated l-aminoalkylidene)malonates (312) in 38-96% 
yields (58CB1049; 64JOC707; 64USP3121108; 65JPR239; 68ZOR1710; 
72MI2; 75ZOB873). 


C00R R 2 ^OOR 

R-CN + CH 2 -- C=C 

cqqr’ h 2 n 'coor 1 


R = R’= Me,Et, iPr, tBu, Ph 
R = IBu , R’i Me, Et, Pr.iPr 
R 2 = CHCl 2 . CCl 2 , CF 3 , MeCCl, 


(312) 


cicHj- cci 2 -, 0<ca 2 - 


C° 0E t , Sn[ , Ph pOEt 

PhCN + Br-CH —-- 'c=C 

CQQEt ClCH 2 CH 2 Cl/A h 2 N 'cOOEt 

2. Na 2 C0j / H 2 0 

(313) 


Dimethyl malonate was reacted with nitriles in boiling 1,2-dichloro- 
ethane in the presence of SnCl 4 for 26-50 min to give white crystalline 
products, which were treated with aqueous sodium carbonate to afford 
dimethyl aminomethylenemalonates (312, R = R 1 = Me, R 2 = Me, Et, 
Ph, CH=CHPh, CH=CHMe) in 17-57% yields (85TL2603). Earlier di- 
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ethyl malonates, nitriles, and SnCl 4 were reacted at 110-120°C for 5 min to 
give the corresponding diethyl 1-aminoalkylidenemalonates (67JAP7894; 
68JAP17168). 

Under the previous conditions, diethyl (amino)phenylmethylenemalo- 
nate (313) was also obtained in 35% yield in the reaction of diethyl bromo- 
malonate and benzonitrile (85TL2603). 

The reaction of 3-nitrobenzonitrile (R 2 = 3-N0 2 Ph) and dimethyl malo- 
nate in the presence of SnCl 4 in boiling 1,2-dichloroethane for 1 hr gave 
dimethyl amino(3-nitrophenyl)methylenemalonate (312, R = R 1 = Me; 
R 2 = 3-N0 2 Ph, R 1 = 3-N0 2 C 6 H 4 ) in 66% yield (87EUP228845). 

The reactions of ethyl cyanoformate and dialkyl malonates in the pres¬ 
ence of zinc chloride and triethylamine, or in the presence of TiCl 4 or 
SnCl 4 in methylene chloride at reflux temperature for 3 hr, or at room 
temperature overnight, gave amino(alkoxycarbonyl)methylenemalonates 
(314, R 1 = Et) in good yields [79TL2525; 81JAP(K)71050], 


CN COOR ZnQ . NEt R’OOC COOR CN COOR 

COOEt ♦ CH 2 -- 3 - W -- COOR 1 + X-CH 

COOR CHzC2 HjN 'cOOR COOR 


Amino(alkoxycarbonyl)methylenemaIonates (314) were also prepared 
in good yields in the reactions of dialkyl cyanoformate and bromo- or 
chloromalonates in the presence of SnCl 2 or TiCl 3 in benzene, or in 
the presence of zinc activated by copper in THF, [81JAP(K)71049, 
81JAP(K)87542], 

Tetraesters (315) were prepared in 75-82% yields in the reactions of 
dinitriles and diethyl sodiomalonate at 70°C (68ZOR1710). 


COOEt EtOOC NHj H 2 N COOEt 

2 CH 2 - C=< V=C 

COOEt EtOOC CCl 2 !CH 2 ) n CCl 2 cOOEt 

( 31S ) n = 2,4,6 

Dimethyl amino(cyano)methylenemalonate was prepared in the reaction 
of cyanogen and dimethyl malonate in the presence of Zn(acac) 2 catalyst 
(82MI3). 

The reaction of cyanogen and dimethyl malonate was also carried out 
in methylene chloride at ambient temperature for 300 hr in the presence 




NCCN ♦ CH 2 

COOMe 


H i~y 


N(^ COOMe 

c=c 

HjN COOMe 


COOR 

NCCHjCN ♦ CH, 
COOR 


c=0, 

H-C N „ 2 NCHjC CC 

, c -° 'c=c 


CHj Clj/A 

Scheme 28 


COOR 

M COOR 
R = Me , Et 


of Ni(acac), catalyst [84JCS(P2)965], or in toluene at room temperature 
for 150 hr in the presence of Zn(acac) 2 catalyst (84JOC4696), to give 
dimethyl amino(cyano)methylenemalonate in 15-20% and 29% yields, re¬ 
spectively. 

The reactions of malononitrile and dialkyl malonates in the presence of 
Ni(acac) 2 as catalyst in boiling chloroform under nitrogen afforded (2- 
cyano-l-aminoethylidene)malonates in about 22% yields (86M111) 
(Scheme 28). 

Dialkyl malonates were reacted with trichloroacetonitrile in methylene 
chloride in the presence of Ni(acac) 2 catalyst under nitrogen at room 
temperature for 3 hr to give dialkyl (2,2,2-trichloro-l-aminoethylidene) 
malonates in 65% and 80% yields (86M15) (Scheme 29). 

The SnCl 4 -promoted reactions of dialkyl malonates with nitriles in boil¬ 
ing benzene or toluene for 2-4 hr, or at ambient temperature for 


B ->- 

Me' 


R00CCH 2 C00R 
R = Me , Et 


Cl,C x COOR 

'c=c 

HjN COOR 


Me 

H-C Ni /2 

'c-° 

Me 


Scheme 29 
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24-48 hr, under nitrogen gave aminomethylenemalonates (316), usually in 
high yields [88JCR(S)246]. 


R-CN 


COOR 1 

CHj 

ioQR 1 


SnCt 


R COOR 1 R = Et,NHj, CCl 3 
'C=C COOEt , COPh 

HjN COOR 1 R 1 = Me , Et 

(316) 


9. From Imidoyl Chlorides and in Vilsmeier-Haack 
and Similar Reactions 


This type of reaction was .first applied by Just in 1885, but the yields 
of aminomethylenemalonates (318) were poor, and the reactions were 
accompanied by the formation of a byproduct (see Chapter II). 



COOEt 
Na CtC 
COOEt 


C COOEt 


1317) 


(318) 



(319) 


Shah and Heeramaneck improved the yields (30-45%) of 318 when 
mixtures of imidoyl chlorides (317), diethyl malonate, and diethyl sodio- 
malonate in 1 : 1 : 1 molar ratio were reacted in toluene at reflux tempera¬ 
ture for 2 hr (36JCS428). This modification was later applied by others too 
(46JA1272; 49JIC171). Diethyl (naphthylamino)phenylmethylenemal- 
onates (319) were also prepared in 18% and 30% yields by starting from 
A/-U- and 2-naphthyl)imidoyl chlorides (37JCS867). 

The aminomethylenemalonates (318 and 319) were usually cyclized 
without purification. 
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The sodium salt of diethyl malonate was reacted with imidoyl chlorides 
( 320 ) in boiling toluene for 4 hr, or in DMF at ambient temperature for 
1-3.5 hr, to give l-(arylamino)-2,2,2-trifluoroethylidenemalonates ( 321 ) in 
51-99% yields (80EUP12639). 



(320) R=H ,CF 3 


COOEt 

♦ Na + CH~ - 
COOEt 

; R 1 = H , CF 3 ; R 2 =l 


CF 3 C00Et 

-NH-C=C 

COOEt 


, OMe, iPr 13 2D 


f^yCF, Me COOEt 

^N=C * 

X Cl COOEt 


f^V^SMe/OOEt 

V^N-C=C 

H 'COOEt 


(322 ) 


(323 ! 


Diethyl malonate was reacted with imidoyl chloride ( 322 ) in DMF in the 
presence of sodium hydride at 95-100°C for 30 min to give methylthio(2- 
trifluoromethylphenylamino)methylenemalonate ( 323 ) in 40% yield 
(84FRP2532939). 

l-(Arylamino)alky!idenemalonates ( 325 ) were prepared in higher yields 
when imidoyl chlorides ( 324 ), prepared from the appropriate amide and 
phosphoryl chloride, were reacted with diethyl ethoxymagnesiummalo- 
nate in toluene at room temperature or at the boiling point for 0.5-8 hr 
(73JMC875; 77GEP2705446; 78FRP2377400). After removal of the toluene, 
the crude aminoalkylidenemalonates ( 325 ) were cyclized by heating to 2- 
substituted quinoline-3-carboxylates ( 326 ) in 68-83% yields. 



Et0Mg-CH - 
COOEt 



COOEt 

'c=C 

' COOEt 


150 °C 
-EtOH 


( 325 ) 



R = Et ,iPr ,Bu ,tBu , 1 - adamantyl, PhCH 2 
R’= H , R = Me , Cl , N0 2 
R’= R 2 = Cl , R’= CF,. R 2 = H 


(326) 
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Seka and Fuchs reacted imidoyl chlorides (1 mol) ( 327 ) with diethyl 
sodiomalonate (1.4-2.5 mol) in diethyl ether in an autoclave at 80-l50°C 
for 16-35 hr and obtained 2-aryl-4-hydroxyquinoline-3-carboxylates ( 328 ) 
in 26-38% yields (31M52). 



(327) R = H.OMe ; R'=H,0Me (328) 


In a Vilsmeier-Haack-Arnold reaction, /V,jV-disubstituted amino- 
methylenemalonates ( 329 ) were prepared in good yields from the sodium 
derivative of diethyl malonate or from diethyl malonate in the presence of 
triethylamine in benzene or toluene at a temperature below 20°C with 
imidoyl chlorides, which were prepared in situ from jV,/V-disubstituted 
formamides and phosphoryl chloride (63BRP917436). Instead of diethyl 
malonate, diethyl ethoxymagnesiummalonate could also be used 
(63 BRP917436). 



(jOOEt 


Na or 
NEt 3 


R = Me , Ph 


Me COOEt 

V N-CH=C 
r/ COOEt 

(329) 


iV.N-Dimethylaminomethylenemalonate ( 329 , R = Me) was obtained in 
81% yield from the reaction of diethyl malonate and its sodium derivative 
with DMF and phosgene in benzene at 60-70°C for 2 hr (61CB2278). 

N,7V-Dimethylaminomethylenemalonate ( 329 , R = Me) was prepared 
in the reaction of diethyl malonate and DMF diethyl acetal at 130-150°C 
for 90 min (71S220), or in the reaction of the sodium salt of diethyl malonate 
and tetramethylformamidinium benzenesulfonate in ethanol at ambient 
temperature for 20 hr (71S220), or in the reaction of diethyl malonate and 
Gold’s reagent ( 330 ) in the presence of sodium ethylate in ethanol at 
reflux temperature overnight (82SC939), in 77%, 50%, and 74% yields, 
respectively. 


Me,N-CH=NMej 

PhSOj 




(330) 



Sec. A.9] 


SYNTHESES 


93 


Dimethylformamide dimethyl acetal was reacted with malonic acid de¬ 
rivatives at room temperature for 6 hr (84TL3743) or at 110°C for 1- 
2 hr (780PP67) to afford Af.A-dimethylaminomethylene derivatives (331) 
in 75-96% yields. 


OMe 

MejN-CH 


OMe 


COOEt 

CHj 

N R 


COOEt 

Me,N-CH=C 

r^X 


R = OEt, X = 0 , S 

r = -Q.x = o 


R OMe C°°Me 

, V * CH, 
"T ' 0Me COOMe 

R 2 


R COOMe 

W 

R-n' COOMe 
R 2 


R = R’= R 2 = Me 
R = R’=-(CH 2 ) 3 - 
R 2 = CHjPh 


(332 ) 


The reaction of N, A , -dimethylacetamide dimethyl acetal and dimethyl 
malonate at ambient temperature for 1 week, and that of l-benzyl-2- 
pyrrolidone dimethyl acetal and dimethyl malonate in boiling methanol for 
36 hr, gave yV,yV-disubstituted aminomethylenemalonates (332) in 60% and 
87% yields, respectively (69JA6683). 

The reaction of bis(tetramethylformamidinium)ether ( 333 ) and dimethyl 
sodiomalonate in acetonitrile at ambient temperature for 15 min afforded 
dimethyl bis(dimethylamino)methylenemalonate ( 334 ) in 55% yield 
(84SC1073). Bis(dimethylamino)methylenemalonate ( 334 ) was earlier ob¬ 
tained in 13% yield in the reaction of dimethyl sodiomalonate and 
yV,yV,yV\yV'-tetramethylmethylthioformamidinium iodide in a mixture of 
dioxane and methylene chloride at ambient temperature for 0.5 hr and 
then at 50°C for 1 hr (70ACS3102). 


Me 2 N (IMe 2 f 00Me 

+K-0-C{> ♦ Na* CH" 

Me 2 N NMe 2 lioOMe 

2CF3SO3' 

(333) 


Me 2 N COOMe 
/ C=C \ 

Me 2 N COOMe 
(334) 


The mildly exothermic reaction of diethyl malonate and trimorpholino- 
methane in ethanol at 50°C afforded morpholinomethylenemalonate in 
71% yield (80JOC3986) (Scheme 30). 

The reaction of 1,1-dimorpholinoethene and diethyl malonate in boiling 
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(°0 


COOEt ^ COOEt 

CHj -- 0 N-CH=C 

COOEt COOEt 

Scheme 30 


diethyl ether or THF for 8 hr gave diethyl l-(4-morpholinyl)ethylidene- 
malonate in 10% yield (87CJC2717) (Scheme 31). 

Thioiminium salts (335) were reacted with dialkyl malonates in the 
presence of sodium hydride in 1,2-dimethoxyethane (DME) to give dialkyl 
aminomethylenemalonates (336) in 21-43% yields (88TL2299). 


,SMe 


RHN-C-C 

/V 

PhCH H 

CFjSOJ 




( 335) 


C00R 1 

ch, 

COOR 2 


DME 

NaH 


R = Boc , Ac 
rUR 2 * Me 
R'= Et, R 2 = Bu 


Q 


RHN-/ V (W 
PhCH, H 


(336) 


10. From Dialkyl 2-Aminothiocarbonylmalonates, 
Dialkyl (2-Alkylthio)thiocarbonyl malonates and 
Their Derivatives 


The reaction mixture of dimethyl Af.N-dimethylaminothiocarbonyl- 
malonate and dimethyl sulfate in the presence of potassium carbonate in 
acetone was boiled for 6 hr to give methylthio(dimethylamino)methy- 
lenemalonate (337) in 60% yield (69T4649). 

O r^o 

COOEt n ) COOEt 

CHfC' ♦ CH, =* CH r C( ♦ ♦ 'CH - 

O ^°° Et <Wt 


0^| 

k^MeCOOEt 

C-CH 

COOEt 




Scheme 31 



Sec. A.10] 


SYNTHESES 


95 


S N COOMe 

MejSO*. + VcH 

Me 2 N coOMe 


MeCOMe 


MeS COOMe 

W 

Me 2 N 'cOOMe 
( 337 ) 


S COOR , R 1 s COOR r's COOR 

VCH - ~ \=C * W 

PhNH COOR PhNH COOR PhNR ioOR 


(338) (339) 

R = Me , Et; R’=alkyl 10-27% 6% 

R = Et ; R’= crotyl 5 % 11% 


R'COOR 

V + PhNCS 
S=C'COOR 
PhNH 
( 340) 


Dialkyl (V-phenylaminothiocarbonylmalonates were reacted with alkyl 
bromides in DMF in the presence of sodium hydride at ambient tempera¬ 
ture for 2 hr to give a mixture of products (338-340), which were separated 
by means of column chromatography. Dialkyl (alkylthio)(phenylamino)- 
methylenemalonates (338 and 339) were obtained in 5-27% yields 
(74T1283). 

Dimethyl malonate was first treated dropwise with phenyl isothiocya¬ 
nate in the presence of sodium hydride in N,N-dimethylacetamide at 0°C. 
The reaction mixture was stirred at ambient temperature for 1.5 hr and 
then cooled to 0°C, and methyl iodide was added dropwise. After stir¬ 
ring for 4 hr at room temperature, (methylthioKphenylamino)methy- 
lenemalonate (341) was obtained in 79% yields (69T4649). 


PhNCS 


COOMe 

CHj 

COOMe 


NaH 


Na S~ COOMe MeS COOMe 

)=c -M* W 

PhHN coOMe PhNH ,| 00Me 

(341 ) 


F-^>-NCS 


COOMe KQH M + S~ COOMe R = F, AcN^N 

| H2 or NaOH' _ / C= , M 

COOMe F \_/" NH COOMe M = K , Na 


(342) 

Diethyl malonate was reacted with (het)aryl isothiocyanates in the pres¬ 
ence of potassium hydroxide or sodium hydride in dioxane or THF at 
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room temperature for 18 hr to give the alkali metal salts of (arylamino)mer- 
captomethylenemalonates (342) in good yields [84JAP(K)227887; 87- 
BRP2190376]. 


K S' COOEt 



MeOCHjCl -- 


MeOCHjS EOOEt 

/—v ,c=c 

F-^_J»-NH ioOEt 
F 1343) 


The potassium salt of (3,4-difluorophenylamino)mercaptometh- 
ylenemalonate (342, R = F, X = K) was reacted with methoxymethyl 
chloride in dioxane at room temperature for 3 hr to afford diethyl (3,4- 
difluorophenylamino)(methoxymethylthio)methylenemalonate (343) in 
good yield (87BRP2190376). 

AH3-Chloro-4-fluorophenyl)amino(mercapto)methylenemalonate (344) 
was reacted with 4-methoxybenzyl chloride in the presence of potassium 
carbonate in acetonitrile at ambient temperature for 3 hr to give N-( 3- 
chloro-4-fluorophenyl)amino[(4-methoxybenzyl)thio]methylenemalonate 

(345) in 81% yield (82EUP58392). 

HS^ COOEt 4-Me0CiHiCH 2 S COOEt 

F-p-rfSIooB iS- fhQ 

cr cr 

(344) (345) 

The sodium salts of dialkyl malonates were reacted with isothiocyanates 

(346) in diethyl ether or in THF at -10°C-0°C. The products were then 
alkylated with alkyl halides to give mixtures of tautomeric (alkylthio)ami- 

i 00R * Na S' C 00 R , 

(EtOlj-P-NCS ♦ CH~ Na-- 'c=E -- 

X C00R lEtOlaPNH toOR 

(346, 


R’S COOR 

)c=c 

(EtO) 2 PNH COOR 


R’S COOR 
)C-C H 

(EtO) 2 P-N ioOR 
X 


(347) 


( 348) 
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nomethylene- (347) and (alkylthio)iminomethylmalonates (348) in 52-76% 
yields (87ZOB772). 

Dimethyl (arylamino)cyanomethylenemalonates (349) were prepared in 
27-52% yields in the reactions of aryl isothiocyanates and potassium 
cyanide in methanol at room temperature for 45 min, followed by treatment 
with dimethyl chloromalonate for 3 hr (77S607). 


R ^ N CS 


MeOH 

KCN-- 


1 COOMe 
CICH 

W - :C-CN COOMe 

K + s' - 


COOMe 


Diethyl A/-phenylaminothiocarbonylmalonate was reacted with hydra¬ 
zine hydrate in boiling ethanol for 4 hr to give a mixture of 5-phenylamino- 
2-pyrazolin-5-one and monoethyl ester, a hydrazide of hydrazino(phe- 
nylamino)methylenepropanedioic acid (77G555). 

Diethyl bis(methylthio)methylenemalonate was reacted with dimethyl- 
amine in ethanol in a sealed tube at I20°C for 24 hr to give dimethyl 
(methylthio)(dimethylamino)methylenemalonate (350) 27% yield [78- 
ACS(B)421]. 


MeS COOEt 
)c=c 
toOEt 


Me ; NH 



MeS COOEt 

'c=c 

MeX C00£f 
(350) 



(351) 


2-Aminopyridine was reacted with diethyl bis(methylthio)methylene- 
malonate at 150°C for 24 hr, then at 180°C for 6 h, to give 2-methylthiopyri- 
do[l,2-a]pyrimidine-3-carboxylate (351) in 29% yield (88CP 1232904). 

The reaction of dimethyl bis(methylthio)methylenemalonate and ben- 
zamidine hydrochloride in the presence of sodium methylate (83H1745), or 
in the presence of potassium carbonate in dimethylsulfoxide at 100°C for 
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10 hr (88JHC959), 3-amino-1,2,4-triazole in dimethylformamide at 150°C 
for 3 hr (85CPB962), and 6-aminouracils (352) in sulfolane at 150°C for 
8 hr in the presence of potassium carbonate (84CPB122), gave pyrimidi- 
none (353), l,2,4-triazolo[l,5-a]pyrimidinecarboxylate (354), and pyri- 
do[2,3-*/]pyrimidinecarboxylates (355). 



11. From Diethyl 1,3-Diethoxycarbonylglutaconate 
and Its Derivatives 

Levy prepared monosubstituted aminomethylenemalonates (356) in the 
reactions of diethoxycarbonylglutaconate (8, R = H) and aminoester hy¬ 
drochlorides in the presence of sodium ethylate in boiling ethanol 
(14JCS27). 


R 1 COOEt 

Et00C-CH-NH-CH=C 

R COOEt 

(B56) R=RL H , Me 

R = Me.Et,iPr, R’= H 


MeOY^Y^Y R COOEt 
MeO^ NH-CH=C 

COOEt 

( 357) R = H,COOEt 


The reactions of 2-(3,4-dimethoxyphenyl)ethylamine hydrochlorides 
with the sodium derivative of diethoxycarbonylglutaconate (8, R = H) in 
refluxing ethanol afforded the corresponding aminomethylenemalonates 
(357) in 84-885 yields (56JOC336). 

Diethyl aminomethylenemalonate (13) was prepared in the reaction of 
the ethoxycarbonyl derivative of diethoxycarbonylglutaconate (8, 
R = CH 2 COOEt) and ammonia (02JPR1). 
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12. Miscellaneous 


The exothermic reaction of nitrosobenzene and diethyl methylene- 
malonate in chloroform for a few minutes gave diethyl (/V-hydroxy-/V- 
phenylamino)methylenemalonate (300), but Ingold and Weaver described 
the structure of the reaction product as an oxazetidine derivative (358) 
(24JCS1456). This was questioned by Burkhardt and Lapwith 
(25JCS1748). They proposed a noncyclic structure (300), which was con¬ 
firmed by Griffin et al. through the use of modern spectroscopic methods 
(63TL1365; 65T2735). 


Ph-N—0 

ch-c; 


,C00Et 

'COOEt 



COOEt 



1358) 


(359) 


(360) 


3-Amino-5-(pyridyl)thiophene-2-carboxylic acids (359) were reacted 
with diethyl methylenemalonate in DMF at 150°C for 2 hr to give N-[ 5- 
(pyridyl)thien-3-yl]aminomethylenemalonates (360) 61-62% yields [82- 
JAP(K)116077], 

The rearrangement and subsequent reaction of nitrones (361) with di¬ 
ethyl malonate on the action of sodium ethylate in boiling benzene afforded 
monoethyl 3-indolylaminomethylenemalonates (362) in 17-72% yields 
(82ZOR2001; 83ZOR1518). 


r-ch=n-r' 

o' 

(361) 


COOEt 

W 

COOEt 



R, ♦ R'" 

CH-N / 

"hc-coo" T h T 

COOEt 


R 1 C00H 
R- N-CH=C 

COOEt 

(362) 


R = 


2 ; R’=Ph,4-MePh;R 2 =H,Me;R 3 =H,Me,PhCH 2 
R 3 


Thiazolo[3,2-a]pyrimidine-6-carboxylate (363) was prepared in 15% 
yield in the reaction of dimethyl 2-thiazolyldithiocarbonimidate and diethyl 
malonate at 140°C for 24 hr (88CP1232904). 


Of 


COOEt 
* CH 2 
COOEt 


^Sv^NH-C=C 
“—N ioOEt 


— ty*' 

11 —N. . 
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ROOC 

Cl-C-C 


,NH + 


ROOC ' CX J 
(364) 


EljO 


X = F,Cl 
R = Me, Et 


Ph 3 P 


(R’OljP 


benzene 
X = F 


FjC COOR FjC y COOR 

't=C / * W * (R’OljQPO 

HjN VoOR (R 1 0)jP=N / 'COOR 


(365) 

R = H , Et R’= Me , Et 


HC1 
R’= Et 


X 3 C ^COOR 

♦ / C=C \ 
PhjPHN 'cOOR 


t X 3 C COOR 

^ )=< 

Ph 3 P=N COOR 


F,C WOR 

c=c' 

(EtO)jP-Htf 'COOR 


The electrochemical oxidation of diethyl A/,A[-bis(2,4,6-trimethoxy- 
phenyl)aminomethylmalonate in acetonitrile in the presence of lithium 
perchlorate and 4-picoline gave 7V,(V-bis(2,4,6-trimethoxyphenyl)amino- 
methylenemalonate in 76% yield (81MI4). 

When reacted with trialkyl phosphite in benzene for 1 hr, dialkyl mag¬ 
nates (364, X = F) gave a mixture of amino(trifluoromethyl)methylene- 
malonates (365) (20% yields), dialkyl trifluoromethyl(substituted amino)- 
methylenemalonates (366) (40-45% yields), and dialkyl chlorophosphate 
(-20%) (86ZOB805). The reactions of dialkyl malonates (364, X = F, Cl) 
and triphenylphosphine in the presence of triethylamine in diethyl ether 
for 1 hr gave trihalomethyl(substituted amino)methylenemalonates (367) 
in 87-95% yields. The treatment of a solution of dialkyl trifluoromethyl- 
(substituted amino)methylenemalonates (366, R 1 = Et) in benzene with 
aqueous hydrochloric acid gave amino(trifluoromethyl)methylene- 
malonates (368) in 82-84% yields (86ZOB805) (Scheme 32). 

Dialkyl trichloromethyl(substituted amino)methylenemalonates (370) 
were prepared in 91-92% yields in the reactions of malonates (369) and 
sodium tert -butyl peroxide in aqueous ethanol at room temperature for 
1-1.5 hr (83ZOB2152). 


Cl 3 C C00R 

w 

Ci z P-N C00R 
Ph 


tBuOONa 


H 2 0 


- HC( 

- NaCl 


C( 3 C COOR 

P \ ) C=C 
V-NH 'C00R 
Me,C0O / 0 


( 369) 


R = Me, Et 


( 370 ) 
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The reactions of dialkyl (dimethylamino)chioromethylenemalonates 
(371) and trialkyl phosphite afforded aminomethylenemalonates (372). 
Their insecticidal activities against aspids and flies were investigated 
(84MI3). 


(R'OljP + 
R'= Me ,Et 


Cl / C00R 

)c=c v -- 

jN V C00R R = Me, Et 
(371) 


,C00R 

=C 

'cOOR 


Diethyl phenylthiomethylenemalonate was reacted with 4-methoxyben- 
zyl azide at 65°C for 3 weeks. The reaction mixture was then treated with 
methanol, and the methanolic solution was stored at -20°C for 2 days to 
give 1,2,3-triazole (373) as crystals in 30% yield. A week later, the crystals 
of diethyl (4-methoxybenzoylamino)methylenemalonate (374) were also 
precipitated in 7% yield from the methanolic mother liquid (87CCC207) 
(Scheme 33). It was suggested that the triazine (373) was probably formed 
by an alternative mechanism. 

The hydrolysis of ethyl (1 ,2,4-triazol-3-ylmethylene)cyanoacetate (375) 
in aqueous hydrochloric acid gave monoethyl (l,2,4-triazol-3-yl)methy- 
lenemalonate (376) (57G931). 

The treatment of 6-methyl-4-oxo-pyrido[l,2-fl]pyrimidine-3-carboxylate 
(377, R = Me) with a 3-25-fold excess of alcohol in the presence 


COOEt 


(3 + 21 


S COOEt 
y-f COOEt 


“ ArCHpN 5 ' 


H MOEt 

s c=c' 

ArCOt^H 'COOEt 


PhSCH=C 

^°° Et (373) ( 37k, 

+ Ar = AMeO-^j^> 

ArCH -N-N=Ni 

| 65 °C/ 3 weeks 

,S 1-0Et . H /OOEt . COOEt H COOEt 

H 'c- r c" c=c pc pc , 

/ \ „ tf ♦ COOEt N COOEt NH C00Et| 

N s * COOEt Ar CHT ^ ArCH ArCH 

[ArCH 2 % J 


Scheme 33 
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of a mineral acid or a Lewis acid catalyst at 75-80°C for 4 hr gave 
dialkyl /V-(6-methyl-2-pyridyl)aminomethylenemalonates (262, R = Me, 
R 1 = alkyl) (84MIP1). 


COOEt 

NH CN 
(3751 



(377) 


m f-m COOEt 

Hti Y N -CH=C 
NH COOH 

(376) 




COOEt 

=C 

COOH 


(37B) 


The hydrolysis of 4-oxo-4//-pyrido[l,2-«]pyrimidine-3-carboxylates 
(377, R = H, Me) in water at ambient temperature for one week afforded 
20% of monoethyl (2-pyridylamino)methylenemalonate (378, R = H), 
whereas the 6-methyl derivative (378, R = Me) was obtained in 76% yield 
after 1 day (72AF815; 74JCS(P1) 1753]. 

Mild hydrolysis of ethyl 4-oxo-4//-pyrimido[l,2-a]pyridazine-3- 
carboxylate in 0.1 N sodium hydroxide solution at room temperature 
afforded monoethyl (3-pyridazinylamino)methylenemalonate (68TL33). 

The hydrolysis of pyrimido[ 1,2-fc]benzoxazole (379) with 1 mol. equiv. 
of 0.5% aqueous sodium hydroxide solution at 50°C for 40 min gave a ring- 
opened product (380) in 69% yield (79JOC1811). 


(379 ) 


COOH 


(380) 


Pyrimido[l ,2-c]quinoxaline (381) was treated dropwise with 1 N sodium 
ethoxide-ethanol solution in dimethyl sulfoxide (DMSO) at ambient tem¬ 
perature for 3 hr to give diethyl (4-quinoxalinylamino)methylenemalonate 
(382) in 39% yield (81EUP30156). 

Methanolysis of 4-oxo-l-azabicyclo[3.2.0]heptane (384), obtained in 
the photoreaction of oxazolidine (383), gave ethylmethyl N-(2-hydroxy- 
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1381) (382 ) 


l,l-dimethylethyl)aminomethylenemalonate (385, R = Me) [73CC293; 
75JCS(P1 >1517]. This product (385, R = Me) was also prepared in the 
reaction of 2-amino-2-methylpropan-l-ol and ethylmethyl ethoxymeth- 
ylenemalonate in dichloromethane [75JCS(P1) 1517]. When 4-oxo-l- 
azabicyclo[3.2.0]heptane (384) was chromatographied on silica gel, mo¬ 
noethyl )V-(2-hydroxy-l ,l-dimethylethyl)aminomethylenemalonate (385, 
R = H) was obtained [73CC293; 75JCS(P1) 1517]. 



(383) (384) (38S) 


1 ,2,3-Triazoles (386, R 1 = COOMe) were treated with potassium tert- 
butylate in a mixture of fert-butanol and benzene for 15-60 min to 
give (substituted amino)methoxycarbonylmethylenemalonates (387, 
R 1 = COOMe) in 28-54% yields. In the case of the acetyl derivative (386, 
R = Ph, R 1 = COMe), the reaction was carried out in chloroform in the 
presence of triethylamine at ambient temperature for 8 hr, to give (pheny- 
lamino)acetylmethylenemalonate (387, R = Ph, R 1 = COMe) in 38% 
yield. (Phenylamino)acylmethylenemalonates (387, R = Ph,R‘ = COMe, 
COPh) were also prepared in 62-74% yields when diazo derivatives (388, 
R 1 = COMe, COPh) were heated in benzene for 4-24 hr (80T1821) 
(Scheme 34). 

The thermolysis of 5-acyl-1,2,3-triazolines (389) in boiling toluene under 
nitrogen for 16-68 hr afforded acylaminomethylenemalonates (393) in 
18-84% yields (85BSF809). It was suggested that in the first step of the 
thermolysis, imines (392) were formed, probably via the zwitterions 390 
and 391 by the loss of nitrogen and a 1,2-acyl shift, or directly by a 
concerted process from 5-acyltriazolines (389). Then acylaminomethy¬ 
lenemalonates (393) might form from imines (392) by 1,3-migration of the 
acyl group (Scheme 35). 
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H , c_ >cc 


R COOMe 
C-^ - COOMe _ N , 


R = Me ,Ph , CH Ph; R’= COOMe 
R = Ph ; R 1 = COMe 


R 1 y COOMe 

>=< 

RNH COOMe 
1 307 ) 


4 

benzene 

R=Ph; r’= COMe , COPh 


r> COOMe 
^-C-COOMe 
N ? KIHPh 
1 300 ) 


Scheme 34 


The thermolysis of 5-acetyl- 1-phenyltriazoline (389, R = Ph, R 1 = Me) 
in boiling benzene or toluene for 24 hr gave a mixture of acylaminometh- 
ylenemalonate (393, R = Ph, R 1 = Me), aziridine (394), and imine 
(392, R = Ph, R 1 = Me). The aziridine (394) might be formed from a 1,3- 
biradical (395). Whereas the imine (392, R = Ph, R 1 = Me) rearranged in 


0 ^OOMe 
P^C,-COOMe A 


R = Ph 
R'=Me 


’ .COOMe 
MeC 0 “V < C 00 Me 


_ y C 00 Me 


r’ Co 


H''| 'COOMe — (fTc-V- C00Me 

X ♦ ^ C00Me 

R M. R ' ^ 



R =Me, R'-Me.Ph 
R = PhCt 2 , R’= Me , Ph , 4 -MePh ( 392 1 
R = 4 -MePhCH 2 , R’-Ph, 4 -MePh 
R = Ph, R 1 = Me, Ph 


^VC00Me 

N^COOMe 


COOMe 
R-N-CH=C 
R '^0 COOMe 


Scheme 35 



Sec. A. 12] 


SYNTHESES 


105 


COOEt 

H A+X CO oEt 

CHj 

Ph 


EtOOC 
EtOOC^^ 
PhCHjN NCH 2 Ph 

r- cooEt 
COOEt 

1398) 


COOEt 
/—('COOEt 

-PhCH 2 N^N - 


COOEt 

PhCH, NHCH=C 

iooEt 


1397) 




CH 7 

Ph (399) 


Scheme 36 


boiling toluene to acylaminomethylenemalonate (393, R = Ph, R 1 = Me), 
the aziridine (394) did not. The thermolysis of 5-benzoyl- 1-phenyltriazoline 
(389, R = R 1 = Ph) in boiling benzene led to the formation of a mixture 
of N-benzoylaminomethylenemalonate (393, R = R 1 = Ph), imine (392, 
r = ri = ph), and 4-oxazoline (396) (85BSF809). 

l,2,3-Triazoline-4,4-dicarboxylate (397) was reacted with cyclopen- 
tanone in boiling toluene overnight under nitrogen. From the reaction 
mixture, diethyl N-benzylaminomethylenemalonate, tetraethyl 1,4- 
dibenzylpiperazinetetracarboxylate (398), and a bicyclic product (399) 
were isolated by preparative thin-layer chromatography in 29%, 4%, and 
68% yields, respectively [84JCS(P1)2517] (Scheme 36). 

The reaction of dimethyl cyclopropanedicarboxylates (400) and ammonia 
in methanol at 0°C gave dimethyl amino(benzyl)methylenemalonates (401) 
in 20-80% yields (75ZOR68). 




■Or' 


,CH=C-C- 

ioOEt 


I'* 001 R =H , 3-N0,, 4-NO,,4-Me . 4-MeO . 4-Me,N 


COOMe 
r^CH=C=C 
.Jj COOMe 


R- 


,CH, F Me 
^C=C 

H ’ N (toOMe 


(401) 
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} COOEt 

c=c 

'I COONMej 
(M3) 


r COOEt 

N c=c 

MeOOCHN' ioNMe 2 
(407) 


The reactions of 1,3-oxazinones (402, R = H, Ph) and water in 
boiling dioxane for 0.5 and 2 hr gave aminomethylenemalonamate (403, 
R = H) in 85% yield, when R = H, and a mixture of amino(phenyl)- 
methylenemalonamate (403, R = Ph) and 3-(substituted amino)-3- 
phenylacrylate (404) in 59% and 33% yields, respectively, when R = 
Ph. The alkaline hydrolysis of 1,3-oxazinones (402) with aqueous sodium 
hydroxide solution in dioxane at ambient temperature for 20 min afforded 
monoethyl /V-(dimethylaminocarbonyl)aminomethylenemalonate (405) in 
24% yield, when R = H, and the acrylate (404) in 27% yield when R = Ph. 
The methanolysis of 1,3-oxazinone (402, R = H) in boiling methanol 
for 30 min gave ethylmethyl N-(dimethylaminocarbonyl)aminometh- 
ylenemalonate (406, R = H) in 75% yield, while in the presence of triethyl- 
amine in boiling methanol for 2.5 hr, a malonamate (407, R = H) was 
obtained in 81% yield. The 4-phenyl-1,3-oxazinone (402, R = Ph) afforded 
a mixture of malonamate (407, R = Ph) and ethylmethyl /V-(dimethylami- 
nocarbonyl)aminomethylenemalonate (406, R = Ph), with predominance 
of the latter under both conditions (87JOC3426) (Scheme 37). 

The catalytic hydrogenation of isoxazolones (408) over 10% Pd—C or 
Raney-nickel catalysts in ethanol gave the half-esters of aminomethyl- 
enemalonates (409) in good yields (74G715). The half-esters (409) were 


H COOEt Ph 

C=C ♦ \>CHC00Et 

Me 2 NC0HN c00H Me I NC0HN / 


R COOEt R 

' c _jl __ COOE t MeOH/A or 

Me 2 NC0HN' cOOMe Me 2 N'^'0'^0 Me0H/NEt 3 /A 

(406) (402) 

Scheme 37 




COOEt 

_-_- 

-%'**0 R = H ,Me,CH 2 Ph 


COOEt 

R-NH-CH=C 

C00H 


■ R-NH-CH=C 

Mo Ft ^ 00R ' 


(408) 


(409) 


(410) 
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reacted with diazomethane and diazoethane in diethyl ether at ambient 
temperature to afford aminomethylenemalonates (410). 

1,3-Oxazinone (411) was reacted with the carbanion of diethyl malonate 
to give (substituted amino)phenylmethylenemalonate (412) (86MI1). 

COOEt Ph COOEt 

CH -- )c=C 

COOEt H00C-CH=C-HN £ 0 0Et 

Me 

(412) 

The reaction of an imidazolinium salt (413) and diethyl malonate in 
THF in the presence of sodium hydride at room temperature gave the 
aminomethylenemalonate derivative (414) in 65% and 82% yields 
(79CC117; 83T3971). 


Me 

Me-V 


-- TsNHCHjCN(Me)CH=C 


ioOEt 


s= -S0^M< 



The reaction of pyrido[2,3-*/]pyrimidine-3-oxide (415) and diethyl malo¬ 
nate in the presence of sodium ethylate in ethanol at 0°C for 10 min led to 
the formation of yV-[3-(l,2,4-oxadiazol-3-yl)-2-pyridyl]aminomethylene- 
malonate (416) in 73% yield, but at ambient temperature for 1.5 hr, the 
product was diethyl )V-(3-cyano-2-pyridyl)aminomethylenemalonate in 
61% yield (83JOC4132). 



(415 ) 


H H j COOEt 

N=CH—NMe 2 




(416) 
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Tricyclic pyrimidines (417) were reacted with diethyl malonate in etha¬ 
nol in the presence of sodium ethylate at room temperature for 0.25- 
1.5 hr (X = N) or 12 hr (X = CH) to give ring-opened products (418) in 
30-88% yields (83JOC4132; 85M1309). 

^ A Y^N' X „ i°° Et NaOEt r 00 Et 

Z^ y A n ^ l 1 EtOH Z^ y X NH -CH=C 

C00Et ioOEt 

(417) X = CH,N; Y = CH , N ; (418) 

Z = CH, N , A = CH , N ; 

Diethyl aminomethylenemalonate (13) was obtained in the reaction of 
cyclobutanetetracarboxylate (419) and ammonia (09JPR393). 


EtOOC COOEt 
EtOOC COOEt 

CH-CH \lH-CH 
EtOOC )c' 'cOOEt 
EtOOC COOEt 

(419) 


B. Syntheses of Alkylidene (l-Aminoalkylidene)malonates 

1. From Alkylidene 1-Alkoxyalkylidenemalonates 

Isopropylidene aminomethylenemalonate was prepared in 55% yield 
in the reaction of ispropylidene methoxymethylenemalonate (420) and 
ammonia in ethanol at ambient temperature for 12 hr (67M564). Wentrup 
et al. obtained isopropylidene aminomethylenemalonate similarly (88JA- 
1337). 


0 ,CH, \-o CH, 

MeOCH=C C ♦ NH,— - H,N-CH=C' C 

/-0 CH, Et0H ^-o''ch, 


1420) 

Meldrum’s acid (421) was reacted with an excess of ethyl orthoformate 
by heating on a water-bath for 2 hr. A two-fold excess of the appropriate 
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amine was then added to the reaction mixture, and heating was maintained 
for another 2 hr to give isopropylidene aminomethylenemalonates (423) 
in 11-90% yields [67M564; 84HCA1402, 84JCS(P1)2129; 86JCS(P1)1465; 
87ABC2775, 87T4803; 88JA1880, 88JCS(P1)863, 88JCS(P 1)869]. When 
ethylamine was applied, the reaction was carried out in an autoclave at 
80-90°C for 2 hr, and isopropylidene N-ethylaminomethylenemalonate 
(423, R = H, R 1 = Et) was obtained in 35% yield. 


;c-o v 

HCIOEtlj ♦ CHj C 
/—o'm. 


K l-o, Me 

N-CH=C C 

R 'c-0' h e 


/C-0, Me 

-- EtOCH=C : 

100'"C Y-O'he 


(422) 


R = H , Me , Et, iPr, tBu , cC t H„ , CH 2 Ph 
R’ = Me ,Et, iPr ,iBu . octyl , EtO(CH 2 ) 2 , Ph , 
4-tBuPh , cC 6 H„, cC t H, 0 O . cC 4 H 2 0 t , 
cC 7 H 13 , PhCH 2 , PhMeCH , 


(423) 

R, R’= (CH 2 ) s , CHMe(CH 2 ) 4 , -CHMe(CH 2 ) 3 CHMe-, ~( h \, ^3—^3 


CO 


R 2 = Me, Ph 


Isopropylidene methoxymethylenemalonate (420) was reacted with 
amines in boiling cyclohexane for 24 hr, or in acetonitrile at 20°C for 5- 
30 min, to give aminomethylenemalonates (423) in 40-99% yields 
[86JCS(P1)1465; 88JCS(P1)863, 88JCS(P 1)869]. 

1-Amino-1-deoxy-D-fructose acetate was reacted with isopropylidene 
methoxymethylenemalonate (420) in the presence of triethylamine in boil¬ 
ing methanol for 0.5 hr to afford aminomethylenemalonate (19) in 92% 
yield (86M110). The aminomethylenemalonate is present in several isomeric 
forms (20-23) in the solid state and in solution (see Scheme 5 and Table 
IV in Chapter III). 

Isopropylidene methoxymethylenemalonate (420) was reacted with 
amino esters, amino acids, and dipeptides at 95-100°C to give rise to the 
corresponding isopropylidene aminomethylenemalonates (424) in 54-85% 
yields (85MI3; 86YZ154). 
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o Jle 

ROAA-(AA)„NH 2 * (420) — ROAA-(AA')„NHCH=C C 

'c-o' 

(424) (f 

AA = amino acid , n = 0 ; A A = Gly , Phe , Ala , Leu , Cys 
n = 0 ; R = H ; AA = Gly , Phe , Ala 
n* 1 ; R = Et; AA-AA‘ = Phe-Leu 
n = 1 ; R = H ; AA-AA's Gly-Gly 

The reactions of isopropylidene methoxymethylenemalonate (420) and 
anilines at reflux temperature for 3-7 hr gave arylaminomethylenemalo- 
nates (425) in 62-92% yields (85SC125; 87T4803). 



R = H , OMe ,N0 2 , R’sH , R= H,Me ,0Me , NOj, Ac , R J = H, OMe 
RsR'sOMe, R J sH, R 3 = CH,N0,, CHjNHCO-CHjPh 
R sR’sOMe , R 2 = H, R = CH(CN)0SiMe 2 Bu 


N-Ethyl-3-(4-pyridyl)aniline was reacted with isopropylidene ethoxy- 
methylenemalonate (422) in ethanol at ambient temperature for about 
15 hr to give isopropylidene A/-ethyl-N-[3-(4-pyridyl)phenyl]aminomethy- 
lenemalonate in 72% yield [77JAP(K)116460]. 

2-Amino-3-[(dimethylamino)thiocarbonyloxy]pyridine was reacted with 
isopropylidene ethoxymethylenemalonate (422) under reflux for 2 hr to 
give isopropylidene 2-pyridylaminomethylenemalonate (426) in 44% yield 
(86EUP218423). 


o ;t ' 


2-Aminopyridine and 2-aminothiazole were reacted with isopropylidene 
methoxymethylenemalonate under reflux to afford the corresponding 2- 
hetarylaminomethylenemalonates (427) in good yields (85SC125). 
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•T? Vo.!* 

k 'N^NH-CH=C > C 
/-O'Me 

s (427) ° 


Isopropylidene A'-O-benzyloxy^-pyridyl)- and /V-(5-benzyloxy-4-pyri- 
midinyl)aminomethylenemalonates were prepared in the reactions of iso¬ 
propylidene methoxymethylenemalonate (420) with 3-benzyloxy-2-amino- 
pyridine or 5-benzyloxy-4-aminopyrimidine (89TL1529). 

2-(Cyclopropylamino)-5-fluoro-6-(4-ethoxycarbonyl-l-piperazinyl)- 
pyridine was reacted with isopropylidene methoxymethylenemalonate 
(420) in methanol at ambient temperature for 4 hr to give isopropylidene 
2-pyridylaminomethylenemalonate (428) in 67% yield (85EUPI53I63, 
85EUP153828, 85EUP159174; 86EUPI7265I; 88EUP265230). 


Et ooc O 


* ('►ZO) 

A 


ifjL 

—- f ^N >s 'N^ s 'N-CH=C C 

EtOOCN^I ^ /-O' Me 


2-Substituted 4-aminopyrimidines were reacted with isopropylidene 
alkoxymethylenemalonates in boiling methanol for 30 min to give isopro¬ 
pylidene (4-pyrimidinylamino)methylenemalonates (429) in good yields 
(82JMC837; 84USP4432981). 



The reactions of 4-(ethylamino)-2-(4-substituted piperazin-l-yl)pyrimid- 
ines and isopropylidene methoxymethylenemalonate (420) in THF at 25°C 
for 20 hr yielded JV-ethyl-A(-(4-pyrimidinyl)aminomethylenemalonates 
(430) in 71-82% yields [81JAP(K)99480, 81JAP(K)103178; 83JAP(K)- 
46084], 

3-Aminopyridazine and its 6-chloro derivative were reacted with isopro¬ 
pylidene ethoxymethylenemalonates (422) at room temperature for 20 hr, 
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then at 80°C for 30 min to give (3-pyridazinylamino)methylenemalonates 
(431) in 79-81% yields (83H2225). 


. n ♦ 

RCH 2 N^I Et 


) Vo Me 

THF ^N'^ 5 N^ V 'N-CH=C' 'C 
RCH 2 N—J It /"° Me 

R = CHjCN , CHjCOOEt, Ph (43(J) ° 


jTr Nh 


* (422) 
R = H , Cl 


^ v NH-CH=^"V e 

— / A 


HC(OEt) + (421) 


,C-0, Me 

R^?v^NH-CH=C C 

»■- XX t >» 


(432) 

= H , Me ; R’= R l = Me ; Et; -CH 2 CH 2 XCH 2 CH 2 -, X = 0 ,NMe ; ICH 2 )„, n = 4,5 
-CHMeCH 2 0CH 2 MeCH- ; R = r’=H; R j = Me 


Isopropylidene 3-pyridazinylaminomethylenemalonates (432) were pre¬ 
pared in good yields in the reactions of 3-aminopyridazines and isopropyli¬ 
dene methoxymethylenemalonate (420) in alcohol, or in the reactions 
of 3-aminopyridazines, ethyl orthoformate, and Meldrum’s acid (421) in 
ethanol (78GEP2737542, 78USP4104385). 

The reaction of 2-aminoquinoxaline and isopropylidene methoxymethy¬ 
lenemalonate (420) in methanol afforded isopropylidene 2-quinoxalinyl- 
aminomethylenemalonate (83EUP86723). 

4-Aminoquinazoline was reacted with isopropylidene ethoxymethylene- 
malonate (422) in DMF at ambient temperature for 1 hr, then at 110°C for 
10 min to give isopropylidene 4-quinazolinylaminomethylenemalonate in 
69% yield (81EUP30156). 

Indolines were reacted with isopropylidene methoxymethylenemalo¬ 
nate (420) at 100°C for 30 min to afford isopropylidene 1-indolinylmethy- 
lenemalonates (433) in good yields (82BEP891046, 82BEP891537). 

Isopropylidene alkoxymethylenemalonates were reacted with cyclic 
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(434) H 
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(420) 
+ or 
(422) 

.rw 


O 


CH '/ 

^rS i 

0= c - n ,c " 


amines (434) at 160°C for 30 min to give aminomethylenemalonates (435) 
in 90-91% yields [83JAP(K)90511]. 

Bi- and tricyclic amines (436) were reacted with isopropylidene alkoxy- 
methylenemalonates at 110-120°C for 5 min to afford isopropylidene 
aminomethylenemalonates (437) in good yields [82JAP(K)2285, 82JAP- 
(K) 16882]. 


R-^An^R 5 ^22) R^^N-^R 5 

H CH 

(436) °V^ C *° 

n = 0,1; R=H,a,Me.CN,N0 2 ,NH 2 ,NHAc 
CF 3 C0NH, PrCONH; R’= H ,Cl, F , MeO , N0 2 Me Me 
NH 2 , AcNH,Me 2 N ; R = R’= 0CH 2 0 ; ^ 37) 

R 2 = H, Cl,Br ,Me ,0Me ,NH 2 , NHAc , MeS0 2 , ArS0 2l R 3 = H.Et, R*= H, Et 
R 3 = R*=(CH 2 ) tl R s = H , Me . CF 3 


8-Acetyl-7-fluoro-3-methyl-l,4-benzoxazine was reacted with isopro¬ 
pylidene alkoxymethylenemalonates in methanol at room temperature for 
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18-24 hr to give N-( 1,4-benzoxazin-4-yl)aminomethylenemalonates (438) 
in 68-82% yields (84EUP106489; 85EUP153163; 87JHC1509). 


Me 



(438) 


0 

ft )c-(\ Me 

HjN-C-NH-CH=C L 

^°' M ' 

(439) 

X =0 , S 


Isopropylidene methoxymethylenemalonate (420), prepared from Mel- 
drum’s acid (421) and methyl orthoformate, was reacted with urea and 
thiourea under reflux for 2 hr to give aminomethylenemalonates (439) in 
82% and 72% yields, respectively (84SC961). 

The reactions of isopropylidene (l-methylthioalkylidene)malonates and 
arylamines in boiling ethanol for 2-4 hr, or in diphenyl ether at 140°C for 
0.5 hr, afforded isopropylidene l-(arylamino)alkylidenemalonates (440) in 
54-87% yields (87S482). 



R = H , Me , N0 2 , C( , Br (UUO) 

R ,= Me , Et, Ph 


2. One-Pot Syntheses 

Because of the higher CH acidity (by 7-8 pK a units) of alkylidene 
malonates (441), as compared with that of dialkyl malonates (87JA809), 
“one-pot” syntheses of alkylidene aminomethylenemalonates (442) could 
be carried out readily with a wide variety of primary and secondary ali¬ 
phatic and cycloaliphatic amines, anilines, naphthylamines and heterocy¬ 
clic amines, trialkyl orthoformate, and alkylidene malonates (83MI1; 
86MI9). It was proposed that the higher CH acidity of alkylidene malonates 
was a consequence of the electrostatic (dipole-dipole) repulsion effects 
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arising in the fixed anti conformation of the ester groups of alkylidene 
malonates (88JA1870, 88JA1872). 


R-NHj ♦ HC(0 R 3 )j 


R’= R 2 = Me , Pr ; 


H"' —« 

t** 

lull 

I = Me , R^= C -N0*Ph 


Vo v R 1 


Anilines, bis(2-amino-4-chlorophenyl)disulfide, naphthylamine, 2- and 
3-aminopyridines, 2-aminopyrimidines, 2-, 3-, 5-, 6-, 7-, and 8-aminoquino- 
lines, 6-aminocoumarin, and 2-aminopyrazine were reacted in the absence 
or presence of a solvent (ethanol, toluene) with ethyl orthoformate and 
isopropylidene or 4-heptylidene malonates to give alkylidene (het)aryl- 
aminomethylenemalonates (442, R 1 = R 2 = Me, Pr) in 32-100% yields 
[69BRP1147759; 75USP3907798; 88JAP(K)239269]. p-Toluenesulfonic 
acid monohydrate was sometimes applied as catayst. 

In the reaction of N-methylaniline, ethyl orthoformate, and Meldrum’s 
acid (421) in the presence of p-toluenesulfonic acid monohydrate at 
100°C for 2 hr, then for 3 days at ambient temperature, (/V-methyl-A- 
phenylamino)methylenemalonate (443) was obtained in 41% yield 
(69BRP1147759). 


COO Me 
PhN-CH=C 
Me COO Me 

IU3) 


,C-0 R 
PhNH-CH=C C 
.C-0 R 1 


R = R'= Me 
R = R’= (CHj ) s 
{UUU) 


Vo,* "-O-"' 
0 Oi, 

R'= Me ,0H 


Phenylaminomethylenemalonates (444) were prepared in 92-95% yields 
in the reactions of aniline, ethyl orthoformate, and the appropriate cyclic 
ester of malonic acid [441, R = R 1 = Me, —(CH,) 5 —] at reflux tempera¬ 
ture or 15 min (80CB2630). 

The reactions of 4,6-dioxo-2-methyl-2-(4-nitrophenyl)-1,3-dioxane (441, 
R 1 = Me, R 2 = 4-N0 2 Ph), ethyl orthoformate, and anilines in boiling ace¬ 
tic acid for 5 min gave arylaminomethylenemalonates (442, R = aryl, 
R 1 = Me, R 2 = 4-N0 2 Ph) in 65-70% yields [78ZN(B)1550]. 



116 


istvAn hermecz et al. 


[Sec. B.2 


Amines were reacted with Meldrum’s acid (421) and ethyl orthoformate 
at 5-80°C for 15-60 min to afford isopropylidene aminomethylenemalo- 
nates (445) in 21-86% yields (84JOC2772). 

Isopropylidene N-(ethoxycarbonyl-2-pyridyl)aminomethylenemalo- 
nates (446) were prepared in 66-88% yields in the reactions of Meldrum’s 
acid (421), ethyl 2-aminopyridinecarboxylates, and ethyl orthoformate in 
the presence of zinc chloride catalyst at 100-I20°C for 15 min (78MI5). 


1 o 
1 HMe 

^NH-CH=C x 


)r ^ tr -0CHjPh 
U i H ♦ HC(0Me)j + 


x ^,0CH 2 Ph°^ 
* ^N^NH-CH=C 


2-Amino-3-benzyloxypyridine (X = CH)and4-amino-5-benzyloxypyri- 
midine (X = N) were reacted with Meldrum’s acid (421) and methyl ortho¬ 
formate in the presence of zinc chloride to give (hetarylamino)methylene- 
malonates (447) (89TL1529). 

1,4-Benzoxazines were reacted with Meldrum’s acid (421) and ethyl 
orthoformate in refluxing toluene for 1.5 hr to give (1,4-benzoxazin- 
4-yl)methylenemalonates (448) in good yields [83JAP(K)198405]. 



♦ HC(0Et)j + (421) 


R = H, alkyl; R'and R J = halogen 



(448) 


Isopropylidene (7,8-difluoro-3-methyl-l,4-benzoxazin-4-yl)methylene- 
malonate (448, R = Me, R 1 = R 2 = F) was prepared in 81% yield in the 
reaction of 7,8-difluoro-3-methyl-l,4-benzoxazine, ethyl orthoformate, 
and Meldrum’s acid (421) at I10-120°C [84JAP(K) 122493, 84JAP(K)- 
216890]. 
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3. Miscellaneous 

The reactions of 4-hydroxy-5-acyl-l,3-dioxan-6-ones (449) and (allyl- 
oxy)amine in ethanol at 40°C for 10-60 min afforded l-(allyloxyamino)al- 
kylidenemalonates (450) (75GEP2524577). 

o R % , 

CHj-CH-CH 2 0NH 2 , C ^_ 0 X r2 — CHpCH-CHjONH' £-0'R* 

°(449) f«0) ° 

R = Et ,Pr R = R’= Me, |CH 2 ) n , n = 4 ■ 5 

0 

3 R s 'N ? 

R-0NH 2 ♦ (449) -- C=C C 

r 3 ohn \-d R2 

R = Et, alkyl , propargyl, PhCH 2 0 

(451) 

R = Me , Et,Pr; R’= H , Ph ; R 2 ^ H 

Alkylidene 5-acylmalonates were reacted with (^-substituted hydroxyl- 
amine to give aminomethylenemalonates (451) [82JAP(K)62274]. 

However, when 7/3-amino-ceph-3-em-4-carboxylic acids (452) were first 
reacted with /V,0-bis(trimethylsilyI)acetamide in THF and then with 
isopropylidene 5-acylmalonate (449, R 1 = R 2 = Me), instead of the 
corresponding aminomethylenemalonate, 7/3-acylamido-ceph-3-em-4- 
carboxylic acids (453) were obtained (83EUP54970). 



(449) (452) (453) 

r’=R 2 = Me R = Et, iPr.Ph R 3 = 0C0NH 2 , OAc , -S -< /N ft . -S-f 

N- n S^-Me 
Me 


Isopropylidene malonate (421) was reacted with imidate hydrochlorides 
in the presence of triethylamine in chloroform or benzene under reflux 
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overnight to give isopropylidene (l-aminoalkylidene)malonates (454) in 
7-92% yields (8IS 130: 88JA1337). 

R = H , Me, Et, Pr, Bu , iPr, cyclo Pr 
n-C 17 H 2S , PhCH 2 ,Ph,4-N0jPh 
EtOOCHj , CUCHjIn ,n = 3,4 


Meldrum’s acid (421) was reacted with A-acylimidates in boiling chloro¬ 
form in the presence of a few drops of triethylamine for 18 hr to give 
isopropylidene acylaminomethylenemalonates (455) in 67-86% yields 
(86CPB1980). Acylaminomethylenemalonates (455) could not be prepared 
from the corresponding isopropylidene aminomethylenemalonate by acy¬ 
lation. 


R )>0 V Me 

c=c c 

HjN Wfoe 
(454) 


0£t R ^ Me 

R’CO-N^ ♦ (421) -► / C=C C v 

'R R’CO-NH 'c- 0 Me 

0 

R = Me.Ph ; R’= Me, Et. iPr , tBu.Ph (455) 


Isopropylidene phenylaminomethylenemalonate (440, R = R 1 = H) 
was prepared in 66% yield in the reaction of Meldrum’s acid (421) and 
A.A'-diphenylformamidine in boiling benzene for 5 hr (67M564). 

The treatment of Meldrum’s acid (421) with DMF diethyl acetal in 
methanol for 3-5 hr (80CB2545) or in a mixture of diethyl ether and acetone 
for 1 hr (88KGS184) at ambient temperature gave isopropylidene N,N- 
dimethylaminomethylenemalonate (423, R = R 1 = Me). 

Isopropylidene A,A-dimethylaminomethylenemalonate (423, R = 
R 1 = Me) was prepared in 77% yield when a solution of Meldrum’s acid 
(421) in THF was added dropwise to a solution of DMF dimethyl acetal in 
THF over a period of 1 hr at 0-5°C in the presence of sodium methylate. 
The reaction mixture was then stirred for 17 hr (80SC661). 

Isopropylidene benzylaminomethylenemalonate was obtained in the re¬ 
action of isopropylidene A,A-dimethylaminomethylenemalonate (423, 
R = R 1 = Me) and benzylamine in ethanol at room temperature for 
90 min, or in the reaction of456 and benzylamine in ethanol in the presence 
of catalytic amount of acetic acid at ambient for 3 hr, in 90% and 83% 
yields, respectively (88KGS184). 
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Me p-c'( )'c-0. Me 

C C 7 .CH-C C 
Me '0-c'{' Vp-O' Me 


The reactions of Meldrum’s acid (421) and acyl isothiocyanates in 
DMSO in the presence of lithium hydride at ambient temperature for 2- 
3 hr gave the lithium salts (457), which were alkylated by treatment with 
alkyl halide for 5 hr to afford isopropylidene (acylamino)(alkylthio)methy- 
lenemalonates (458) in 20-90% yields (87ZC68). 


R-CONCS 


q. 

RCOHN V 0 Me 
C=C V 
" S 'c-o' Me 
Li* 0 
(457) 


R =EtO ,Ph , 2 -CIPh , 2-BrPh, R’=Me,PhCH 2 


'COHN r-o Me 

c=c c' 

R'S >0 Me 


The reactions of S.S-dialkylsulfur diimides and isopropylidene ethoxy- 
methylenemalonate (459, R 2 = H, R 3 = OEt) or in isopropylidene bis- 
(methylthio)methylenemalonate (459, R 2 = R 3 = SMe) in boiling methy- 


K V° w Me 

c=c c' 

3 r 'c-o Me 


R 2 = R 3 = SMe 
R ? = H , R 3 = OEt 




R = Me ,Et, R*=CH 2 Ph 
R = R'= -(CHjU- 
R= H.MeS 


« jfc-Q Me 

MeS-C-C x C 
MeS p-0 Me 
Mg-0 


NH t Cl 


R t 

x 

V N t 


1 R* Vo Me 

- C =C X 

r m 


K60) 


0 

R, \-0 Me 
C=C X 
H 2 n' )C-0' Me 
0 


Rn Me ,Et,Pr, PhCHj 


(461 ) 
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lene chloride gave the corresponding aminomethylenemalonates (460) in 
53-85% yields (88CB805). 

Isopropylidene bis(methylthio)methylenemalonate (459, R 2 = R 3 = 
SMe) was reacted with Grignard reagents in THF at room temperature for 
1 hr and then with 10% aqueous ammonium chloride for 20 min to give 
isopropylidene 1-aminoalkylidenemalonates (461) in 53-93% yields 
(87S480). 

The reaction of 2-aminothiazole and isopropylidene bis(methylthio)- 
methylenemalonate (459, R 2 = R 3 = SMe) or 1-methylthioalkylidenema- 
lonates (459, R 2 = Me, Et, Ph; R 3 = SMe) in boiling ethanol for 2.5 hr or 
in dimethylformamide at 120-130°C for 4-5 hr, gave 2-substituted 5-oxo- 
5//-thiazolo[3,2-a]pyrimidine-6-carboxylates (462) in good yields (89S- 
317). Similarly, in boiling ethanol, 2-substituted 4-oxo-4//-pyrido[l ,2-u]- 
pyrimidine-3-carboxylic acids (463) were obtained in 80-85% yields. 
When anilines were reacted with isopropylidene bis(methylthio)methy- 
lenemalonate (459, R 2 = R 3 = MeS), (methylthio)(aryIamino)methylene- 
malonates (464) were obtained 61-88% yields. 



R = Me , Et, Ph 
(462) 



(463) 


MeS 


,C-0 % Me 

* R = H , Me ,C1, Br,0Me 
(464) 


C. Syntheses of 2-Azacycloalkylidenemalonates 

1. From 2-Substituted 1-Azacycloalkenes 

AND MALONATES 

1- Phenylpyrrolidinone was first reacted with triethyloxonium fluoro- 
borate in methylene chloride at 45°C for 1 hr and then with dimethyl 
malonate in chloroform at ambient temperature for 48 hr to give dimethyl 
(l-phenylpyrrolidin-2-ylidene)malonate (467, n = 0, R = R 1 = Me, 
R 2 = H, R 4 = Ph) in 4% yield (69JA6683) (Scheme 38). 

2- Methylthiopyrrolinium iodides (466, n = 0; R 2 = H; R 3 = H, Me; 

R 5 = SMe, X = I) were reacted with diethyl malonate in the presence of 

potassium iodide and triethylbenzylammonium chloride catalyst in methy¬ 

lene chloride to give diethyl 2-pyrrolidinylidenemalonates (467, n = 0, 
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(466) (468) 


Scheme 38 


R = R 1 = Et,R 2 = H,R 4 = H, Me) in 10% and 55% yields. Under similar 
conditions, N-methylpyrrolidine-2-thione and pyrrolidine-2-thione failed 
to react [84IJC(B)1176, 84SC533]. 

Cyclic lactim ethers (465, n = 0-2, R 2 = H, R 5 = OEt) were reacted 
with diethyl malonate in the presence of the acetylacetone nickel complex 
[Ni(acac) 2 ] at 100°C to give diethyl 2-azacycloalkylidenemalonates (467, 
n = 0-2, R = R 1 = Et, R 2 = R 4 = H) in 17-25% yields (86JHC1183). 

Dialkyl 2-azepinylidenemalonates (467, n = 2, R and R 1 = Et, /-Bu, 
R 2 = R 4 = H) were prepared in the reactions of caprolactim methyl ether 
and dialkyl malonates at 140°C for 3 hr (57MI1). 

Lhommet et al. studied the reactions of 5-methylcaprolactim thioether 
(465, n = 1, R 2 = H, R 5 = SMe) and its hydroiodide with malonates 
(R = R 1 = Me; R = Et, R 1 = PhCH, and /-Bu), Meldrum’s acid (421), 
and diethyl monothiomalonate (Scheme 38) (82JHC431). Diethyl monothi- 
omalonate was reacted with 465 and 466 (n = 2, R 2 = H; R 3 = Me and 
R 5 = SMe;X = I“) in the presence of triethylamine in boiling benzene for 
1 hr (method A) and with the methoiodide (466, n = 2, R 2 = H, R 3 = Me, 
R 5 = SMe, X = I) in the presence of triethylamine in boiling chloroform 
for 1 hr (method B) to afford the diethyl 2-perhydroazepinylidenethiomalo- 
nate in 51% and 30% yields, respectively. Dimethyl malonate reacted only 
under the conditions of method A, while benzyl ethyl malonate reacted 
only under the conditions of method B to give the corresponding 2- 
perhydroazepinylidenemalonate (467, n ~ 2, R = R 1 = Me, or R = 
Et, R 1 = CH 2 Ph, R 2 = R 4 = H) in 22% and 39% yields, respectively. 
Ethyl,/m-butyl malonate (R = Et, R 1 = /-Bu) did not react at all, while 
Meldrum’s acid (421) reacted under both conditions. 

Cyclic lactim ethers (465, n = 0 and 1, R 2 = see below, R 5 = OMe) 
were condensed with Meldrum’s acid (421) in the presence of a catalytic 
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amount of Ni(acac) 2 catalyst in chloroform to give isopropylidene 2- 
azacycloalkylidenemalonates (468, n = 0 and 1, R 2 = Me; n = 0, 
R 2 = (CH 2 ) 8 Me and (CH 2 ) m CH = CH 2 ,m = 4,7; n = l.R 2 = (CH 2 ) l0 Me; 
R 4 = H) in 80-87% yields (88FRP2607497, 88TL3061). 

The five- and six-membered isopropylidene 2-azacycloalkylidenemalo- 
nates (468, n = 0 and 1, R 2 = R 4 = H) were prepared in 94% and 76% 
yields, respectively, in the reactions of Meldrum’s acid (421) and the 
appropriate cyclic lactim ether (465, n = 0 and 1, R 2 = H, R 5 = OMe) in 
the presence of triethylamine in boiling benzene overnight (79JOC3089). 
Under these conditions, caprolactim methyl ether did not react, but if the 
latter reaction was carried out in the presence of acetic acid and piperidine 
in boiling benzene overnight, a seven-membered cyclic compound (468, 
n = 2, R 2 = R 4 = H) was obtained in 58% yield (79JOC3089). 

Celerier et al. investigated the reactions of the hydroiodides of cyclic 
lactim ethers (465, n = 0-2, 8; R 2 = H, R 5 = O-alkyl, 5-alkyl, Cl) and N - 
methyl quaternary salts (466, n = 0-2, 8; R 2 = H, R 5 = O-alkyl, 5-alkyl, 
Cl; R 3 = Me, Et, CH,Ph, CH,COOEt) with Meldrum’s acid (421) (83S195; 
88JOC5680) to prepare isopropylidene 2-azacycloalkylidenemalonates 
(468, n = 0-2, 8; R 2 = H, R 4 = H, Me, Et, CH 2 Ph, CH 2 COOEt) (83S195; 
88JOC5680). 2-Alkoxy and 2-alkylthio derivatives (465 and 466, R 5 = OEt, 
SMe) were reacted in the presence of triethylamine in boiling benzene 
overnight (83S195), while the 2-chloro derivatives (466, R 5 = Cl) were 
prepared from cyclic lactams on the action of phosgene in toluene at 0°C 
for 5 hr, after which Meldrum’s acid (421) was added, followed by the 
slow addition of a solution of triethylamine in chloroform. The reaction 
mixture was stirred at ambient temperature overnight (83S195; 
88JOC5680). 2-Chloro derivatives (465 and 466, R 5 = Cl) proved to be the 
most reactive agents. 

l-(3-Chloropropyl)-2-piperidone and l-(2-chloroethyl)-2-pyrrolidone 
were reacted with phosgene in toluene, and the 2-chloro derivatives (466, 
n = 0, 1, R 2 = H, R 3 = (CH 2 ),„C1, m = 2, 3, R 5 = Cl) were then reacted 
with Meldrum’s acid (421) in the presence of triethylamine to give iso¬ 
propylidene [l-(3-chloroalkyl)piperidin-2-ylidene]malonate and [l-(2- 
chloroethyl)pyrrolidin-2-ylidene]malonate (468, n = 0, 1; R 2 = H; 

R 4 = (CH 2 )„,C1; m = 2, 3) in 50% and 60% yields, respectively (87H2335, 
89T6161). 

2//-Pyrrole (469) was reacted with Meldrum’s acid (421) in boiling tolu¬ 
ene for 3 hr to afford isopropylidine (3-pyrrolin-2-ylidene)malonate (470) 
in 10% yield (83JHC935). 

A mixture of l-methyl-2-methylthio-4,5-dihydro-l//-imidazole and di¬ 
ethyl malonate was heated for 54 hr to give diethyl (1 -methyl-2-imidazolidi- 
nylidene)malonate (471, R = H, R 1 = Et) in 56% yield (86CB2208). 
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1'"* 

file 


(470) 



(471) 



R I" 


*-Q -Q"* i- 


1e s. ,C-0 N Me 

T )= c N p 

C-0 Me 

R 0 


(473) 


Dimethyl (l,3-dimethyl-2-imidazolylidene)malonate (471, R = 
R 1 = Me) was prepared in 24% yield in the reaction of l,3-dimethyl-2- 
methylthioimidazolidinium iodide and dimethyl sodiomalonate in dioxane 
(70ACS3102). 

Isopropylidene (l,3-thiazol-2-ylidene)malonates (473) were prepared in 
52-60% yields in the reactions of (2-methylthio)thiazolium salts (472) and 
Meldrum’s acid (421) at ambient temperature for 5-10 hr (77KGS341). 

Diethyl malonate was reacted with 2-methylthio-l,3,4-thiadiazolium 
methosulfate (474) in the presence of triethylamine in boiling acetonitrile 
under nitrogen for 30 min to give diethyl (1,3,4-thiadiazol-2-ylidene)malo- 
nate (475, R = Ph, R' = 2,4-Br,Ph) in 48% yield (87CJC2713). 



Ph-^- s ^'SMe 


Br 

MeSO*' 


1474) 


N W' 

.AsK, 


R-^XsOiMe 

Q-°' 


The reactions of 2-methylsulfonyl-l ,3.4-thiadiazoles (476) and diethyl 
malonate in the presence of sodium hydride in THF at ambient temperature 
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for 3 hr afforded diethyl (l,3,4-thiadiazol-2-ylidene)malonates (475, R as 
in 476; R 1 = H) in 74% and 83% yields (87CPB1030). 

The reactions of l,4-diacetyl-3-methylsuphonyl-4,5-dihydro-l//-l,2,4- 
triazoles (477) with diethyl malonate in THF in the presence of sodium 
hydride at room temperature or at reflux temperature for 30-60 min led to 
the formation of diethyl (l,2,4-triazol-3-yl)malonates (478) in 42-69% 
yields (88CPB96). 1,2,4-Triazole derivatives (479-481) were also isolated 
from the reaction mixtures by use of column chromatography in 13-16% 
yields. 



R = Ph ; R’= 
R = R’= Me 


Me 


N-N cOOEt 
R ^n^ch 
R i COOEt 


^^ch 


Ph^N^CH-COOEt 
COOEt 


A Vn 

H )C N Xso 2 Me 


3,4-Di(methylthio)-l,2,5-thiadiazole 1-oxide reacted readily with the 
carbanion of diethyl malonate to yield (1,2,5-thiadiazol-3-ylidene)malonate 
(482) in high yield [81 H( 16)1561]. 

Diethyl (5-nitro-2-pyridyl)malonate was prepared in the reaction of 5- 




R and R'=H,0H 
R 2 =H,Me,Et 



(4 82) 


(*►83) 


(484) 
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nitro-2-chloropyridine and diethyl malonate at ambient temperature 
in DMF in the presence of sodium hydroxide. Dimethyl sulfoxide, N- 
methylpyrrolidone, THF, and dioxane were also used as solvent 
(88GEP3707361, 88GEP3708093). 

Similarly, 4-pyrimidinylmalonates were obtained in 50-90% yields in 
the reactions of 4-chloropyrimidines and diakyl malonates in the presence 
of sodium hydride in DMF or hexamethylphosphoric triamide at 60-85°C 
for 2-3 hr (77KGS395; 88ZOR1793, 88ZOR1806). 

A diethyl 2-pyrimidinylidenemalonate derivative was prepared in the 
reaction of the appropriate 2-pyrimidinethione and diethyl malonate 
(82MI2). 

l-Ethyl-2-(3-pyridyloxy)pyridinium tetrafluoroborate, prepared from 1- 
ethyl-2-fluoropyridinium tetrafluoroborate with 3-hydroxypyridine, was 
reacted with diethyl malonate to give diethyl (1-ethyl-1,2-dihydropyridin- 
2-ylidene)malonate (85MI2). 

O-Ethyl cyclic carbamates (483) were reacted with Meldrum’s acid (421) 
in boiling chloroform for 24 hr to give isopropylidene (1 -oxo-3-azacycloalk- 
2-ylidene)malonates (484) in 23-39% yields (86JHC701). 

The reactions of 3-methylthio-2-methylpyridazinium iodides (485) and 
diethyl malonate in the presence of potassium carbonate in DMF at room 
temperature gave diethyl 3-pyridazinylidenemalonates (486) in 28-46% 
yields (79TL4837). 



(485) (486) R = H R’ = tBuMe 2 Si , R^OR 1 

R = Me r'= tBuMe 2 Si , R 2 = H 


(487) 1688 ) 


The reactions of the sodium salt of diethyl malonate and 4-(triisopropyl- 
phenylsulfonyloxide) derivatives of tris-derf-butyldimethylsilyDuridine 
(487, R = H) and di-(tm-butyldimethylsilyl)thymidine (487, R = Me) in 
THF at 0°C afforded the corresponding diethyl 4-pyrimidinylidenemalo- 
nates (488) in 88-89% yields (87TL2821). 
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The reaction of 5-chloro-6-methyl-3-phenyl-l,2,4-triazine and diethyl 
malonate in the presence of sodium hydride in THF at ambient temperature 
for 12-24 hr gave malonate (489) in 65% yield (87H3259). 



(491) 


1- Ethylthioisoindolinium salt (490) was reacted with Meldrum’s acid in 
the presence of triethylamine in methylene chloride for 24 hr to give 
isopropylidene 1-isoindolinylidenemalonate (491) in 51% yield (87K- 
GS199). 

Dimethyl malonate was added to a suspension of sodium hydride in THF 
at room temperature, and after 10 min, 2-methylthio-l-methylquinolinium 
iodide was added. The reaction mixture was stirred for 1.5 hr at ambient 
temperature togive dimethyl (l-methyl-l,2-dihydro-2-quinolinylidene)ma- 
lonate in 95% yield [81H( 15)277], 

2- Chloro- and 2-methylthio-l-methylquinolinium iodides were reacted 
with dimethyl malonate in the presence of l,8-diazabicyclo[5.4.0]undec- 
7-ene (DBU) in DMF at 80°C for 1 hr, or in the presence of triethylamine for 
5 hr, to afford dimethyl (l-methyl-l,2-dihydro-2-quinolinylidene)malonate 
(86MI3). The use of DBU and the 2-methylthio derivative gave a better 
yield than that from triethylamine and the 2-chloro derivative. 

Dimethyl and diethyl (l-methylpyrrolidin-2-ylidene)malonates (e.g., 
Scheme 38, 467, n = 0, R = R 1 = Me, Et; R 2 = H; R 4 = Me) and diethyl 
(l-methyl-l,2-dihydroquinolin-2-ylidene)malonate were obtained in 
30-52% yields when l-methylpyrrolidin-2-one and l-methyl-1,2- 
dihydroquinolin-2-one were first reacted with phosgene and then with 
dialkyl malonates in the presence of triethylamine in benzene at 60°C 
(61CB2278; 69JA6683). 

The reaction of 2-chloroquinoxaline and diethyl malonate in the pres¬ 
ence of sodium amide or potassium hydroxide in hexamethylphosphora- 
mide at room temperature for 0.5 hr, or at 50°C for 1.5 hr, gave diethyl 2- 
quinoxalylmalonate in 52% and 53% yields, respectively (88YZ586). No 
reaction occurred if the reaction was carried out in the presence of sodium 
amide in benzene. 

2-Cyano-l-methyl-l,4-dihydroquinazolin-4-one was allowed to react 
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with the sodium salt of diethyl malonate in THF at room temperature 
for 1 hr to give diethyl 2-quinazolinylidenemalonate (492) in 71% yield 
(83CPB2234). 



I **92) 1493) (494) 


2-Substituted 4-chloroquinazoline (493) was reacted with diethyl malo¬ 
nate in boiling DMF for 5 hr in the presence of sodium amide to give 4- 
quinazolinylmalonate (494) in 65% yield [88IJC(B)920]. 

Meldrum’s acid (421) was reacted with 2-methylthiothiazolo[5,4-</]- 
thiazolium salt (495) in the presence of triethylamine in ethanol at room 
temperature for 48 hr to give (thiazolothiazolinylidene)malonate (496) in 
55% yield (74UKZ1331). 


o 



(495) (**96) 


The reaction of isopropylidene malonate (421) and 2-phenylamino-5- 
methylthiothiazolo[4,3-6]-(l ,3,4)thiadiazolinium tosylate (497) in the pres¬ 
ence of triethylamine in DMF at 55°C for 3 hr afforded a merocyanine 
derivative (498) in 92% yield (81UKZ295). 



(497) 


(498) 


(499) 
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7-Chloro-3-ethoxy-2-methyl-2tf-pyrazolo[4,3-i/]pyrimidine was reacted 
with the sodium salt of dimethyl malonate in DMF to give (pyrazolo[4,3- 
c/]pyrimidin-7-yl)malonate (499) [88JAP(K)246377]. 

2-Methylthiobenz[c*/]indolium iodides (500) were reacted with Mel- 
drum’s acid (421) in the presence of sodium acetate or triethylamine 
in ethanol at 50°C for 1.5 hr to give isopropylidene (benz [a/|indol-2- 
ylidene)malonates (501) in 76-94% yields (81MI2; 82ZOR435). 



R = H . 5-0Et. 6-Cl, 6-0Me . 6-NMe 2 

6-N0j , 4,7-(0Me)j , R’sH.Et (501) 


Dimethyl malonate was reacted with 2-(A-nitrosomethylamino)- 1,4- 
benzodiazepines (502, R = H, F; n = 0, 1) in the presence of potassium 
/erf-butoxide in DMF under nitrogen to give (l,4-benzo(fc)diazepin-2- 
ylidene)malonates (503, R = H, F; n = 0, 1) (75JOC153; 83USP4401597). 
A dichloro derivative of (l,4-benzodiazepin-2-ylidene)malonate (503, 
R = Cl, n = 0) was prepared in the reaction of a 1,4-benzodiazepine deriv¬ 
ative (504) and dimethyl malonate under the previous conditions 
(83USP4401597). 



(502) (503) (504) 


Thieno[2,3-e]-1,4-diazepine (505, X = CC1; Y = S;R = H;R' = 2- 
ClPh) and pyrazolo[3,4-e]-l,4-diazepine (505, X = N, Y = NMe, R = Et, 
R 1 = Ph) were reacted with dimethyl malonate in the presence of pot¬ 
assium /er/-butoxide in DMF under nitrogen to give the corresponding 
(condensed l,4-diazepin-2-ylidene)malonates (506) (83USP4401597). 
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X r N , Y = NMe , R = Et , R’= Ph 


2. From Dialkyl 2-Halomalonates 

The reaction of tetrahydro-l,3-thiazine-2-thione and diethyl 2-chloro- 
malonate in the presence of triethylamine in boiling methylene chloride 
for 1 .5 hr gave tetrahydro-1,3-thiazin-2-ylidenemalonate (508) in 33% yield 
via 507 through Eschenmoser sulfur elimination, together with traces of 
the mesoionic derivative (509) [77JCS(P1)1107]. In a similar reaction, 
diethyl 2-bromomalonate afforded the mesoionic compound (509) in 80% 
yield. Tetrahydro-l,3-thiazin-2-ylidenemalonate (508) was also obtained 
in 42% yield from 509 by irradiation in the presence of tributylphosphine 
in ethanol for 15 hr under argon [77JCS(P1)1107]. 


r^NH 


COOEt 

♦ Cl—CH — 
COOEt 


r^N COOEt 
^S^S-^-COOEt 

(507) 


~0 



COOEt 

(508) (509) 


The tri-Uert-butyl) ester (511) was prepared in 40% yield when the 
thiolactam (510) was first treated with di-ferf-butyl malonate and DBU and 
then with triphenylhosphine and DBU in boiling toluene (85CC583). 


V^Vy-m* __ r yVWS« 

- NH HN fniinoc ^—NH HN t^COOtBu 

COOtBu 


tBuOOC 

R = CHjCHjCOOMe . R , = CH 2 C00Me 


(510) 


(511) 
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The reaction of the sodium salt of imidazo[l,5-d][l,2,4]triazinethione 
(512) and diethyl 2-bromomalonate in dimethylformamide at room tempera¬ 
ture overnight gave (imidazotriazinylidene)malonate (513) in 14% yield 
(85JMC1704). 




C00EI- 

Br-CH 

COOEt 


DMF 

NaOEt 




EtOOC^ COOEt 



(512) 


(513) 


3,4-Dihydrothieno[2,3-/]-l,4-thiazepin-5(2//)-thione (514) was reacted 
with diethyl 2-bromomalonate in methylene chloride under argon for 
2.5 hr. The reaction mixture was then treated with a 10% aqueous solution 
of potassium hydrogen carbonate for 30 min to give (thienothiazepinylide- 
ne)malonate (515) (86EUP183994). 


^°° Et CH 2 Ct 2 

♦ Br-CH -* 

(foOEt 

(5K) 




Et00C'' C "C00Et 

(515) 


The reaction of diethyl bromomalonate with a 3 : 1 mixture of pyrroli- 
dinethiones (516 and 517) in the presence of sodium ethoxide gave a 3 : 1 
mixture of isomeric (2- and 5-pyrrolidinylidene)malonates (518 and 519) in 
73% yield (89H435). 



(516) (517) (518) R = C00Et (519) 
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3. From 2-(Aminothiocarbonyl)malonates and 
[2-(Alkylthio)thiocarbonyl]malonates 

Di-(ferf-butyl) sodiomalonate was reacted with 2-iodoethyl isothio¬ 
cyanate in diethyl ether at ambient temperature for 10-18 hr to give 2- 
thiazolidinylidenemalonate (520, R = /Bu) in 69% yield after chromatogra¬ 
phy (85AJC745). 


COOtBu 
Na + CH ' 
COOtBu 


ICH 2 CH 2 NH COOtBu 


s C00R 
C00R 


Diethyl malonate was first treated with sodium hydride in DMF at 0°C, 
then with phenyl isothiocyanate at 25°C, and subsequently with Z-1,4- 
dichlorobut-2-ene to give (3-phenyl-4-vinylthiazolidin-2-ylidene)malonate 
(521) in 36% yield (85EGP227705). 



(521) (S22) (523) 1524) 


Thiocarboxamide (523) was reacted with /V,/V'-diaryloxalylimidoyl chlo¬ 
rides (522) in the presence of triethylamine in boiling acetonitrile or acetone 
for 1 hr to give diethyl [4,5-di(arylimino)thiazolidin-2-ylidene]malonates 

(524) in 44-68% yields (87EGP249014). 

Diethyl malonate was reacted with 4-chlorophenyl isothiocyanate in the 
presence of sodium hydride in dioxane at room temperature for 1 hr to give 
the sodium salt of mercapto-(4-chlorophenylamino)methylenemalonate, 
which was then treated with ethylene dibromide in DMF at room tem¬ 
perature overnight. In this way, diethyl [3-(4-chlorophenyl)-l,3- 
thiazolidin-2-ylidene]malonate was obtained in 88% yield (82EUP58392). 

The reaction of dimethyl (aminothiocarbonyl)malonate with DMF di¬ 
methyl acetal in benzene at ambient temperature for 2 hr gave a zwitterion 

(525) in 95% yield. [4 + 2] Cycloaddition of this zwitterion (525) and 
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acrylic dienophiles afforded (l,3-thiazin-2-yl)malonates (526), which ex¬ 
hibited equilibrium with (l,3-thiazin-2-ylidene)malonates (527) [83PS- 
(15)143]. 


MeOOC S' + OMe 
C=C-N-CH-n' 
MeOOC H 0Me 

1525 ) 


H ^COOMe 

CH ^ CHR , rV^COOMe 


xr 


/ C00Me 

XOOMe 


( 526 ) 


R =C00Me 86% 
COMe ^5 % 


( 527 ) 


cich 2 co n 

N- 

SCNCHj 



( 529 ) 


Diethyl sodiomalonate, prepared from diethyl malonate and sodium 
hydride, was reacted with isothiocyanate (528) in DMF by dropwise addi¬ 
tion at 5°C. The reaction mixture was then stirred at ambient temperature 
for 1 hr to give (l,3,5-thiadiazepin-2-ylidene)malonate (529) in 76% yield 
(86S817). 

In the reactions of frans-2-iodocyclohexyl isothiocyanate and dialkyl 
malonates in the presence of sodium hydride in diethyl ether, or in the 
presence of butyllithium in THF at room temperature for 10-20 hr, 2- 
(cis-octahydrobenzothiazol-2-ylidene)malonates (530) were obtained in 
69-87% yields (85AJC745). 


a 


NCS (iooR 


a 1 « l ? 00R 

xx 

H C00R 



( 530 ) 


A similar reaction was carried out with 3a-iodo-5a-androstan-2/3-yl 
isothiocyanate and di-(/er/-butyl) malonate to give (andost-2-eno[2,3-</] 
thiazol-2-ylidene)malonate (531) in 84% yield (85AJC745). 
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COOtBu 

CHj 

COOfBu 



tBuOOC H 

‘K 

tBuOOC 



Meldrum’s acid (421) was reacted with 2-chlorobenzoyl isocyanate in 
the presence of triethylamine in boiling acetonitrile for 40 min to give 
isopropylidene (l,3-benzothiazin-2-ylidene)malonate (532) in 26% yield 
(87ZC68). 


a: 



Dimethyl 2-[(methylthio)thiocarbonyl]malonate was reacted with ethyl- 
eneimine in boiling ethanol for 24 hr to give dimethyl (thiazolidin-2- 
ylidene)malonate (520, R = Me) in 51% yield (69T4649). 

4. Miscellaneous 

The reaction of 2-methy 1-1 -pyrroline (533, R = R = Me, X = CH,)and 
2-methyl-2-imidazoline (533, R = H, X = NPh), first with butyllithium in 
THF at -70°C and then with ethyl cyanoformate, afforded diethyl 2- 
pyrrolidinylidene- and 2-imidazolidinylidenemalonates (534; R = Me, 



BuLi 

NCCOOEt 




(533) 


(53U 


(535) 
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X = CH 2 and R = H, X = NPh) and 2-pyrrolidinylideneacetate (535) in 
8%, 55%, and 39% yields, respectively (88AP429). 

The reaction of l-benzyl-2-pyrrolidone dimethyl acetal and dimethyl 
malonate in boiling methanol for 36 hr gave dimethyl (l-benzyl-2- 
pyrrolidinylidene)malonate in 87% yield (69JA6683). 

Iminoether hydrochloride (536) was condensed with 2 mol of Meldrum’s 
acid (421) in the presence of triethylamine in boiling chloroform overnight 
to give isopropylidene (2-oxo-5-methylpiperidin-6-ylidene)malonate (537) 
in 40% yield (86JST319). 


Me 

cich 2 ch-c=nh 2 Cl 

OMe 


(536) 



1537) 


CUCH 2 )„— C' 


HCI 


(538) 


Whereas the reactions of Meldrum’s acid (421) and iminoether hydro¬ 
chlorides (538, n = 3,4) in the presence of triethylamine in boiling ben¬ 
zene afforded (l-amino-w-chloroalkylidene)malonate [454, R = (CH 2 )„C1; 
n = 3,4], The reaction in chloroform under the previous conditions re¬ 
sulted in the formation of isopropylidene 2-azacycloalkylidenemalonates 
(468, n = 0, 1; R 2 , R 4 = H) in low yields (81S130, 81TL2255). 

One mol of iminoether hydrochlorides (539) was reacted with 2 mol of 
Meldrum’s acid (421) in the presence of triethylamine in boiling chloroform 
overnight to give 2-azacycloalkylidenemalonates (540) in 21-47% yields 
(81TL2255). 


R ^OMe 

R-C-lCHln-C^ + (421) 
Cl X NH HCI 

(539) 

n = 0, R 2 = H ; n = 1 , 

n = 1 , R = H , R = R 2 = Me ; n = 1 


R 2 R 0^ 

-- R-C-(CH)n^ =[ , c "°w e 

k 

0 

R = R 2 = H , r’= H , Me , Ph, Jf ^ 
, R = R= (CH|) t , r’= H 


Me, ,0-C, ? ? \ 

C CH-C-(CH) n X-qMe 

Me 'o-C' p2 ,C=C C 

[ /-«. 


-C0; 

-MeCOMe 



(540) 
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, C00R ' RNCO 
/ C=C v , -* 

r 2 ooc coor 

(541) 

pyridine I COCl 2 
CH 2 Cl 2 CICOOCCIj 


A / benzene / NR 3 /1 
A/ benzene/ Na / 2 


h 



R x 0 
JHf COOR 1 

O^n^C 

H COOR 1 
(5421 


XCOHN MOR 1 RNHj/NEtj 

C=C -----1 

R J 00C 'COOR 1 X = Cl or COOCCl 3 

Scheme 39 


(2,5-Dioxoimidazolidin-4-ylidene)malonates (542) were prepared in 
good yields in the reactions of amino(alkoxycarbonyl)methylenemalonates 
(541) and isocyanates in the presence of a tertiary amine in boiling ben¬ 
zene for 1 hr [82JAP(K)58673], or in the presence of sodium for 2 hr 
[82JAP(K)64679], or in the presence of a quaternary ammonium fluoride 
and triethylamine in methylene chloride at ambient temperature for 20 hr 
(82EUP49841, 82EUP52341). or at reflux temperature for 6 hr [82J- 
AP(K)59873]. Compounds 542 were also prepared in the reactions of 
541 with phosgene in the presence of pyridine in methylene chloride 
[82EUP49841, 82EUP52341, 82JAP(K)59874] or with trichloromethyl 
chloroformate [82JAP(K)59874] at ambient temperature, then with amines 
in the presence of triethylamine (Scheme 39). 

The reaction product (543) of diethyl malonate and diethyl chlorophos- 
phate was reacted with 1,4-benzodiazepin-2-ones in the presence of so¬ 
dium hydride in THF at ambient temperature to give (l,4-benzdiazepin-2- 
ylidene)malonates (544) (81EUP38423). 



(543) (S44) 


COOEt HS-CH 2 

X-C-CHO ♦ H 2 N-CH 
COOEt C00H 




^OOEt 

'cOOEt 


X = Cl, Br 


(545) 
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The reactions of L-cysteine and diethyl 2-formyl-2-halomalonates 
yielded (thiazolidin-2-ylidene)malonate (545) (84USP626960). 

(2-Oxo-l ,2,3,4-tetrahydropyrimidin-4-ylidene)malonate was prepared 
[86JAP(K)43739]. 

2-Amino-3,1-benzoxazin-4-one was reacted with diethyl malonate in the 
presence of sodium hydride in dimethylformamide at ambient temperature 
for 4 hr to give 4-quinazolinylidenemalonate (546) in 28% yield 
[83JCS(P1 )813]. 


EtOOC COOEt 



(546) 


The reaction of 1-methyl-3,4-dihydroisoquinoline and triafulvene (547) 
in boiling ethanol for 24 hr gave isopropylidene benzoquinolizinylidene- 
malonate (548) in 65% yield (86S908). 



(547) (548) 


The reaction of 4«-chlorotetrahydrocarbazole (549) and thallium(I) 
malonate in boiling benzene for 18 hr gave spiro-malonate (550) in 47% 
yield (78JOC3702). 



Dimethyl 2-pyridylmalonate was prepared in 40% yield in the reaction 
of methyl 2-pyridylacetate and dimethyl carbonate in diethyl ether in the 
presence of sodium hydride at room temperature for 4 hr (88ZOR1799). 



Chapter 5 


Cyclization of 1-Aminoalkylidenemalonates 


A. Cyclization of Dialkyl Aminoalkylidenemalonates 

1. On the Action of Heat 

The thermal ring closure of A-(het)arylaminomethylenemalonates gave 
bi- or polycondensed 4-hydroxypyridine-3-carboxylates. This type of reac¬ 
tion is named the Gould-Jacobs reaction. (The reaction is illustrated in 
Scheme 40). The cyclized products may exhibit oxo-enol tautomerism. In 
this review, the hydroxy form is generally depicted. This type of tauto¬ 
merism was discussed in an excellent review (76MI1). 

Ring closure can be effected on the action of heat in the melt under 
atmospheric (e.g., 36JCS428; 37JCS867; 46JA1204, 46JA1272) or reduced 
pressure (49JIC171) or in a high-boiling solvent, sometimes under an inert 
atmosphere (e.g., nitrogen, 39JA2890; 46JA1268,46JCS1033) at a tempera¬ 
ture of around 250-270°C. The alcohol formed is usually distilled off 
from the reaction (e.g., 46JA1264). The solvent is sometimes preheated, 
especially in large-scale experiments (e.g., 46JA1204, 46JA1264, 
46JA1268). 

As the high-boiling solvent, mineral oil (e.g., 39JA2890; 46JA1264; 
49JCS1017; 67USP3320257), Finol (46JA1264), diphenyl ether (e.g., 
46JA1204,46JA1268), liquid paraffin (e.g., 46JCS1033; 48JCS893; 70MIP3; 
78JPR937; 79EGP136742), diethyl phthalate (e.g., 62BEP612258; 
67USP3320257), tridecane (e.g., 84JHC673), dodecylbenzene (e.g., 
68BRP1122715; 69GEP1908262), trichlorobenzene (e.g., 72JMC1203), 
dichlorobenzene (59JOC779), Gilotherm (e.g., 78GEP2822124), Dow- 
therm A (e.g., 46JA1264) dibenzylbenzene (Marlotherm, e.g., 

74BEP819195; 75GEP2343462), and decaline (69T4649) have been used. 
Dowtherm A (b.p. 260°C) is used most widely; this is a eutectic mixture 
of diphenyl ether (73.5%) and biphenyl (26.5%). It is superior to pure 
diphenyl ether (m.p. 26-27°C) because of its lower freezing point (12°C) 
(e.g., 46JA1204, 46JA1264). The cyclization can be carried out above 
300°C when dibenzylbenzene is used as solvent. 

The volume of solvent used in the cyclization may be varied consider¬ 
ably, depending on the solubility of the aminomethylenemalonate. The 
purity of the cyclization product is generally higher when the cyclization 
is carried out at a higher temperature for a shorter reaction period, as 
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Scheme 40 


opposed to when the cyclization is conducted at a lower temperature for 
a longer time. 

Raychaudhuri and Basu investigated the formation of side products in 
the large-scale cyclization of diethyl AM3-chlorophenyl)aminomethy- 
lenemalonate (250) in diphenyl ether (70J1C25). As side products, 7-chloro- 
1 -ethyl-l,4-dihydro-4-oxoquinoline-3-carboxylic acid (551), 7-chloro-4- 
ethoxyquinoline (552), and 7-chloro-l-ethyl-4(l//)-quinoline (553) could 
be isolated. These were probably formed from the primarily cyclized 
product, ethyl 7-chloro-4-hydroxyquinoline-3-carboxylate. The quantities 
of the side products depended on the reaction temperature during the 
cyclization, the duration of heating, and the purity of the starting N-( 3- 
chlorophenyDaminomethylenemalonate (250). 



15 -6 3% 19 -4.8% 0.2 -0.4% 

1551) 1552) (553) 


The cyclized product usually precipitates from the reaction mixture in 
crystalline form at room temperature. The precipitation of the product 
may be completed by adding light petroleum, ligroin, or hexane to the 
reaction mixture (e.g., 51JOC1414; 56BRP743901, 56JCS3079). 

In the thermal cyclization of N-(het)arylaminomethylenemalonates, the 
iminoketene may be regarded as the first intermediate (Scheme 41), be¬ 
cause the cyclization occurs in a relatively narrow temperature range 
(generally 230-270°C) (at higher temperature, decomposition becomes 
significant), and aminomethylenemalonates containing a disubstituted 
amino group can practically not be cyclized thermally. Furthermore, the 
product ratio obtained for 7V-(3-substituted phenyl)aminomethylenemalo- 
nates differs considerably from those obtained under acidic cyclization 
conditions (see Section A,2, this chapter). 
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Scheme 41 


N,N-(Disubstituted amino)methylenemalonates (e.g., 554-558) were re¬ 
ported to fail to cyclize to the corresponding condensed pyridinecarboxy- 
lates [e.g., 36JCS428; 71JHC357; 73CI(M)542; 75JCS(P 1)2409; 76FES237; 
88JHC231], 

Diethyl N,N-diphenylaminomethylenemalonate (112, R = R 1 = H)was 
heated in diphenyl ether at reflux temperature for 1 hr to give ethyl 1- 
phenyl-4-oxo-l,4-dihydroquinoline-3-carboxylate (559) in only 9% yield 
(69BRP1147336). For other N,)V-diarylaminomethylenemalonates, this 
procedure was completely unsuccessful. 

However, it was claimed that the thermal cyclization of (7,8-difluoro- 
3-fluoromethyl-2,3-dihydro-l,4-benzoxazin-4-yl)methylenemalonate (560) 
in diphenyl ether at 250°C for 30 min gave pyrido[l,2,3-c/e]-l,4-benzox- 
azine-6-carboxylate (561) in 71% yield [86JAP(K)204188]. 


E00Et 




ioOEt 


R = H, Me , 2 -pyridyl 
(555) 


H x COOEt 
C=C 


iooet 

c t) 





(5571 


(55B) 
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(559) (560) (561) 


The cyclization of l-(arylamino)alkylidenemalonates (Scheme 40, 
R 2 4 H) generally proceeds more smoothly than that of N-arylaminometh- 
ylenemalonates (Scheme 40, R 2 = H). For example, diethyl phenyl(ary- 
lamino)methylenemalonates (6) were cyclized by heating in the melt above 
150°C to afford 2-phenylquinolinecarboxylates (7) (36JCS428), while (ary- 
lamino)aminomethylenemalonates (Scheme 40, R 2 = H) could be cyclized 
by heating above 200°C (e.g., 46JA1204). 

Later, different ethyl 4-hydroxy-2-arylquinoline-3-carboxylates were 
prepared by this route, by heating aryl(phenylamino)methyIenemalonates 
in the melt at 150-160°C under reduced pressure (49J1C171). 

Methyl 2-substituted 4-hydroxyquinoline-3-carboxylates ( 564 ) were pre¬ 
pared in 41 -54% yields by heating diazo derivatives ( 562 ) in boiling toluene 
for 0.5-9 hr, via aminomethylenemalonates ( 563 ). 'H-NMR investigation 
revealed the formation of a 52 : 48 mixture of aminomethylenemalonate 
( 563 , R = COPh) and quinolinecarboxylate ( 564 , R = COPh) when the 
diazo compound ( 562 , R = COPh) was heated in toluene for 4 hr. A better 
yield was achieved when the triester ( 562 , R = COOMe) was heated in 
boiling 1,2-dichlorobenzene (80T1821). 

When diethyl phenyl(phenylamino)methylenemalonate ( 4 ) was heated 
in the presence of p-toluidine at 150°C, the N-(4-methylphenyl)amide of 
2-phenylquinoline-3-carboxylate (7, R = H) was obtained (36JCS428). 

The amine and EMME were sometimes reacted in a high-boiling solvent 
(e.g., Dowtherm A, diphenyl ether, paraffin oil) at lower temperature, and 
the condensation product was then cyclized without isolation by raising 
the temperature of the solvent [e.g., 46JA1232; 49JCS1017; 50JCS464, 
50JCS1224; 58JCS828; 59JOC779; 67USP3316147; 72ACH469, 72JMC 


^COOMe R % WOMe 

R'C-C ^[ooMe -“ j-~ \ 

N 2 NHPh PhHN COOMe 



(562) 


R= COOMe,COPh, COMe 
(563) 


(564) 
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R = Ph; R’= N0 2 

Scheme 42 


1203; 79MI5,79USP4137227; 821JC(B)444], However, in this case, the cy- 
clized ester might be accompanied by amide (e.g.. 46JCS1033; 58JCS 
828; also Scheme 42). 

4-Substituted anilines were reacted with EMME in diphenyl ether by 
heating to 185°C, with distillation of the ethanol formed. The temperature 
of the reaction mixture was then raised to 245°C and the reaction mix¬ 
ture was heated at 245°C for 1 hr to give ethyl 6-substituted quinoline-3- 
carboxylates in good yields (85USP4560692). 

A catalytic amount of salt (e.g., ZnCl 2 , zinc acetate, NiS0 4 , CoCl 2 ) 
increased the rate of the cyclization reaction (72ACH4469). 

Chapter 7 (Section D) lists some ring systems prepared by the thermal 
cyclization of dialkyl aminomethylenemalonates. 

The unsuccessful thermal cylization of (4-sulfamidophenyl)aminometh- 
ylenemalonate (565, R = R 1 = H) was reported (47JA855), but heating of 
its (A-substituted 4-sulfamido)phenyl derivatives (565, R 4 H, R 1 = H) 
(58MI1; 73CI(M)542; 76FES237) and A,A-disubstituted derivatives (565, 
R ^ H, R 1 4 H) (68SAP6075) in Dowtherm A gave the expected quinoline- 
3-carboxylate in 30-71% yields. 



COOEt 

iooEt 



(565 ) 
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Cyclization did not occur with (sulfamidophenyl)aminomethylene- 
malonates ( 565 ) (containing R=6-chloropyridazin-3-yl, 3-methylisoxa- 
zol-5-yl or 2-methylthiazol-5-yl, R 1 = H) at 250°C because of the thermal 
instability of the aminomethylenemalonates (76FES237). At a lower tem¬ 
perature in Dowtherm A or in diethyl phthalate at 170-180°C, they re¬ 
mained unaltered. 

A44-Nitro-2-(4-nitrophenyl)phenylJaminomethylenemalonate ( 566 ) 
was not cyclized in Dowtherm A or on the action of sulfuric acid and 
phosphoric acid (50JCS464). Likewise, diethyl (V-(4-methoxy-5-methyl-2- 
nitrophenyl)aminomethylenemalonate could not be cyclized by heating in 
Dowtherm A (80JPS933). 

In the cyclization of phenoxy derivatives of (phenylamino)methylene- 
malonate ( 253 , R = PhO), Finol, a light mineral oil, was used as a high- 
boiling solvent because of the high solubility of the phenoxyquinoline-3- 
carboxylates ( 567 ) in Dowtherm A (46JA1264). 

The thermal cyclization of (V-[2-(disubstituted amino)phenyl]amino- 
methylenemalonates ( 568 , R 1 + H,R 2 + H) by heating in boiling diphenyl 
ether for 5-18 min afforded quinolines ( 569 , R 1 =f= H, R 2 + H) in 53-81% 
yields [75JCS(P 1 )2409]. (V-[2-(Substituted amino)phenyl]aminomethy- 
lenemalonates ( 568 , R 1 + H, R 2 = H) failed to cyclize to the correspond¬ 
ing quinolines ( 569 , R 1 =f= H, R 2 = H) when heated in diphenyl ether, but 
their A-(p-tosyI) derivatives ( 568 , R 2 = 4-MePhS0 2 ) gave the expected 
products ( 569 , R 2 = 4-MePhS0 2 ) in 72-77% yields. 

The cyclization of diethyl )V-[2-(l-pyrrolyl)phenyl]aminomethylene- 
malonate by heating in diphenyl ether for 8 min gave 8-pyrroiylquinoline- 
3-carboxylate (570) in 23% yield, while its reaction in boiling phosphoryl 
chloride for 15 min afforded the tricyclic pyrroloquinoxaline (571) in 76% 
yield [75JCS(P 1)2409]. 

The thermal cyclization of bis(aminomethylenemalonate) (572) in boiling 
Dowtherm A for 20 min gave bis(quinolinecarboxylate) (573) in only 4% 
yield (46JA1264). 



(566) (567) (568) (569) 


R = H,Cl ; R^rL-ICH,);- ,n = 4,5; 

-(CH 2 ) 2 0(CHz)2- 

R = H,R = Pr, CH 2 CH=CH 2 , R=HA-MePhS0 2 
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Bis condensation products (160) were thermally cyclized to give bis- 
(quinolines) (574, R and Z as in 160) [84MI1, 84MI5; 86MI10]. 

Benzo [/dquinoline-3-carboxylate (575) was prepared in 88-94% yields 
by the thermal cyclization of diethyl 1-naphthylaminomethylenemalonate 
in diphenyl ether or liquid paraffin oil for 50-60 min (46JA1327; 48JCS893). 

The reaction of (naphthoquinonylamino)methylenemalonates (576 and 
578) in boiling Dowtherm A for 45 min afforded benzolg]- and benzo [h\- 
quinolinecarboxylates (577 and 579) in 50% and 50%, yields, respectively 
(67JOC3210). 



(572) (5731 


Furo(2,3-7>]pyridine-5-carboxylates (581) were obtained from 2-furyl- 
aminomethylenemalonates (580) by heating in Dowtherm A (66JHC202). 

When heated in diphenyl ether at 190-220°C for 40 min, in boiling 
Dowtherm A for 10 min, or in polyphosphate at 120-150°C for 30 min, 

2- thienylaminomethylenemalonates (582, R 2 = H) and A r -(4,5-cyclo- 
alkylidenethien-2-yl)aminomethylenemalonates [582, R = R 1 = (CH 2 )„, 
n P= 3,4; R 2 = H] underwent thermal cyclization to give thieno[2, 

3- b]pyridines (583), cyclopenta[l',2' : 2,3]thieno[5,4-b]pyridines [583, 
R = R 1 = —(CH 2 ) 3 —] and tetrahydrobenzothieno[2,3-6]pyridine [583, 
R = R 1 = —(CH 2 ) 4 —]. Cyclizations also took place with carboxylic acids 
(582, R 2 = COOH) as starting materials [75GEP2435025, 75JAP(K)77393, 



(5741 


1575 
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COOEt 



(580) (581) 


75JAP(K)77394; 76GEP2447477, 76JAP(K)48440, 76JAP(K)101127, 

76JAP(K)101128; 78BEP858479, 78MI3]. 

Thieno[2,3-6]pyridine-5-carboxylate (583, R = R' = H) was also ob¬ 
tained in 61% yield on the thermal cyclization of the /m-butoxycarbonyl 
derivative (582, R = R 1 = H, R 2 = COO/Bu) in boiling Dowtherm A for 
10 min (76GEP2447477). 

The cyclization of 5-isoxazolylaminomethylenemalonates (584, X = O, 
R = Me, Ph) in diphenyl ether at reflux temperature for 7-10 min gave 
isoxazolo[5,4-6]pyridines (585, X = O, R = Me) in 48-56% yields 
(72AP833, 72GEP2213076, 72GEP2213077; 73GEP2237765, 73GEP230 
1267, 74GEP2329809; 75USP3862947, 75USP3912737, 75USP3925388; 
88JHC231). 



R = H , Me,Et,Br; R’= H,Me (5B3) 
R=R , = (CH Z )„ n = 3,4 
R*= H, COOH 


( 582) 
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c° 0Et 

N v y >-NH-CH=C 

fooEt 


(584) 



( 585) 


5-Isothiazolylaminomethylenemalonates (584, X = S, R = Me, Ph, 4- 
MeOPh) were cyclized in diphenyl ether at reflux temperature for 10- 
45 min to afford isothiazolo[5,4-/>]pyridinecarboxylates (585, X = S, 
R = Me, Ph, 4-MeOPh) in 78-95% yields [80JHC717; 82IJC(B)458], 
iV-(2-Methylthio-5-thiazolyl)aminomethylenemalonate (586, R = MeS) 
was cyclized by heating in diphenyl ether at 250°C for 10 min to give 4- 
hydroxythiazolo[5,4-6]pyridine (587, R = MeS) in 90% yield, and in 
boiling phosphoryl chloride for 3 hr to afford 4-chlorothiazolo[5,4-6]pyri- 
dine-5-carboxylate (588) in 53% yield (84JHC40I). 



N—^ COOEt 

R^ S ^NH-CH=C 

COOEt 


(586) 


MeS-f J 


5-Thiazolylaminomethylenemalonates (586, R = H, Me, Ph) were cy¬ 
clized by heating in boiling diphenyl ether for 5 min to yield thiazolo[5,4- 
fcjpyridines (587, R = H, Me, Ph) (71JAP43792). 

The cyclizations of 4-pyridinylamino(50JOC1224; 57MI3; 65USP3225 
055) and 4-quinolinylaminomethylenemalonates (589) (50JOC1224; 
70JMC230) were carried out in boiling Dowtherm A for 4-30 min to give 
1,6-naphthyridine derivatives (590) in 83-93% yields. 


COOEt 

H-CH=C 



(589) 


R = H , R’= R j = H , Me 
R= R'=-(CH = CH),- , R*= H 
R= R’= -CH=CCICH=CH- , R J =H 


(590) 


A bis(aminomethylenemalonate) derivative of pyridine (170) failed to 
cyclize when heated in Dowtherm A (59JA6297). 

The heating of 5-pyrimidinylaminomethylenemalonates (591 and 593) in 
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f j^ r -NH-CH=C 


Dowtherm A at 260-267°C for 6-60 min gave pyrido[3,2-*/]pyrimidine-7- 
carboxylates (592 and 594) in 66-91% yields [67JCS(C)1745 , 67USP332- 
0257], but 7V-(4-hydroxypyrimidin-5-yl)aminomethylenemalonate (595) 
failed to cyclize under similar conditions [67JCS(C)1745]. 



(S93) (594) (595) 


Pyrimido[ 1,2-6]pyridazinecarboxylate (597) was obtained in 32% yield 
on the cyclization of 3-pyridazinylaminomethylenemalonate (596) in Dow¬ 
therm A at 175°C for 100 min (88JHC1535). 



(596) (597) 


The ring closure of 5-quinolylaminomethylenemalonate in boiling diphe¬ 
nyl ether afforded l,7-phenanthroline-3-carboxylate (598) in 98% yield 
(59MI3). 

l,10-Phenanthroline-3-carboxylates (600) were obtained in good yields 
by the thermal cyclization of 8-quinolinylaminomethylenemalonates (599) 
[46JA1320; 59MI3; 62JOC3878; 74JAP(K)55698], 



CH _c K = n.neu r 

(598) £ 00Et R 2 = H , MeO (680) 


(599 ) 
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The ring closure of bis(aminomethylenemalonates) (601) by heating in 
boiling Dowtherm A (46J A1320) or in diphenyl ether (72GEP2220294) gave 
l,10-phenanthroline-3,8-dicarboxylates (602, R = H, Me, Bu) in good 
yields. Cyclization (R = H, R 1 = Et) was also carried out in paraffin oil 
at 250 ± 5°C for 30 min (83JHC681). 

It was later claimed that the thermal cyclization of bis(aminomethylene- 
malonates) (601, R = H, Me, Cl, N0 2 , R 1 = Et) by heating in reflux¬ 
ing diphenyl ether for 15-30 min under nitrogen afforded 8-(substituted 
amino)quinoline-3-carboxylates (603) in 31-75% yields (78USP4123536). 
In the cases of the methyl and chloro derivatives (601, R = Me, Cl, 
R 1 = Et), l,10-phenanthroline-3,8-dicarboxylates (602, R = Me, Cl, 
R 1 = Et) could also be isolated as byproducts in 3-4% yields. 



R' = Me, Et 


(601) 


(602) 



The cyclization of 5-isoquinolinylaminomethylenemalonate in boiling 
diphenyl ether for a few minutes afforded 1,8-phenanthroline-3-carboxyl- 
ate (604) in 86% yield (83HCA620). 

The thermal ring closure of N-(l-ethyl-4-oxo-l,4-dihydroquinolin-7- 
yl)aminomethylenemalonate (605) in diphenyl ether at 260°C for 1 hr af¬ 
forded l,7-phenanthroline-3,9-dicarboxylic acid 9-ethyl ester (606) in 23% 
yield (88USP4719302). 



Thermal ring closure of /V-(4-oxo-l ,4-dihydroquinolinyl-5-yl)amino- 
methylenemalonate (607) gave a mixture of ethyl 1,7-phenanthroline-3- 
carboxylate (608, R = H)and l,7-phenanthroline-3,9-dicarboxylic acid 3- 
ethyl ester (608, R = COOH) in 17% and 23% yields, respectively 
(88USP4719302). 

Pyrido[3,2-c][l,5]nephthyridine-3-carboxyIate (609) was prepared in 
89% yield when diethyl 7V-(l,5-naphthyridin-4-yl)aminomethylenemalo- 
nate was refluxed in Dowtherm A for 1 hr (59JA6297). 
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[6071 (608) (609) 


The cyclization of diethyl AH4-methylcinnolin-8-yl)aminomethylene- 
malonate in diphenyl ether at 245°C for 20 min gave pyrido[3,2-/i]cinnoline- 
8-carboxylate (610) in 31% yield (51JOC1414). 

/V-(2,3-Cycloalkanophenyl)aminomethylenemalonates (611) were cy- 
clized to cycloalkano(/j)quinoline-3-carboxylates (612) in good yields by 
heating in diphenyl ether (69SAP5212; 70GEP1912944; 73GEP2222818, 
73GEP2222833). 



n =1,2 ; R = R = 0 , H 
R = OAc , R s H 

Diethyl 7-benzofuranylaminomethylenemalonate afforded furo[3,2- 
/i]quinoline-7-carboxylate (613) when heating in Dowtherm A for 0.5 hr 
(70GEP2021100; 71BRP1240446). 

Isomeric 2,3-dihydrofuro[3,2-/i]quinoline-7-carboxylate and 8,9-dihy- 
drofuro[2,3-/i]quinoline-3-carboxylate (615, X = CH 2 ,Y = OandX = O, 

Y = CH 2 ) were prepared in good yields from A-(2,3-dihydrobenzofuran-7- 
and -5-yl)aminomethylenemalonates (614, X = CH 2 , Y = O, and X = O, 

Y = CH 2 ), respectively, by thermal cyclization in boiling diphenyl ether 
(70JMC1110). 



(613) (614) (615) 


The cyclization of diethyl /V-(2,3-methylenedioxyphenyl)aminomethy- 
lenemalonate in boiling diphenyl ether or Dowtherm A afforded 1,3-dioxo- 
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lo[/i]quinolinecarboxylate (616) in good yield (69FRP2002888; 79JMC1 
354). 

7-Indolylaminomethylenemalonate (617) was cyclized to pyrrolo[3,2- 
/i]quinolinecarboxylate (618) in 54% yield by heating in diphenyl ether for 
5 min. The dihydro derivative (619, R = H) failed to cyclize under similar 
conditions, but its (V-(4-methylphenylsulfonyl) derivative (619, R = 4- 
MePhS0 2 ) gave the expected pyrrolo[3,2-/?Jquinoline carboxylate (620) in 
44% yield [75JCS(P 1)2409], 



(619) (620) 


When heated in diphenyl ether at 240-254°C for 5-12 min, 3-indolyl- 
and 3-benzo(A)thienylaminomethylenemalonates (621, X = NH, S) gave 
pyrido[3,2-6]indolecarboxylate (622, X = NH) and benzo(/>)thieno[3,2- 
bjpyridinecarboxylate (622, X = S) in 68-82% yields [76JAP(K) 136698], 



(623 ) 


(624) 
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N-( 1 ,3-Dioxoisoindol-4-yl)aminomethylenemalonate (623) was cyclized 
to pyrrolo[3,4-/i]quinoline-3-carboxylate (624) by heating in Dowtherm A 
(87MI1). 

The isomeric pyrazolo[3,4-A]quinolinecarboxylate (626) and pyra- 
zolo[4,3-/i]quinolinecarboxylate (628) were prepared in 80% and 85% 
yields, respectively, on the cyclization of (4- and 7-indazolylamino)methy- 
lenemalonates (625 and 627) by heating in Gilotherm at 255°C for 10 min 
(78GEP2822214; 80MI3). 



(627) (628) 


The thermal ring closure of 4-benzothiazolylaminomethylenemalonates 
(629) in boiling Dowtherm A for 10-30 min gave thiazolo[5,4-/j]quinoline- 
carboxylates (630) in 61-78% yields [77JAP(K)83596, 77JAP(K)125196; 
79CPB1]. 



(629) K (630) 


The cyclization of 7-benzothiazolylaminomethylenemalonates (631) un¬ 
der similar conditions for 10-15 min afforded thiazolo[4,5-/z]quinoline- 
carboxylates (632) in 77-100% yields [77JAP(K)83596, 77JAP(K)125196; 
79CPB1], 



T . ' 

NH-CH=C-C00Et 


(631) Ro H,Cl; R'sH.Cl 



(632) 
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(Arylamino)methylenemalonates (633, X = CH, N) were cyclized to 
tricyclic products (634) in 65% and 98% yields, respectively, by heating in 
Dowtherm A at 250°C for 15 min (87CCC2918). 



(633) (634) 


The thermal cyclization of A-(l,2,5-benzothiadiazol-4-yl)aminomethy- 
lenemalonate in diphenyl ether at 250-280°C gave l,2,5-thiadiazolo[3,4- 
/i]quinoline (635) in good yield (76KGS61; 84MI2). 

Pyrido[2,3-a]indoIizine-3-carboxylate (637) was obtained in 71% yield 
by the cyclization of (l-indolizinylamino)methylenemalonate (636) in boil¬ 
ing Dowtherm A for 40 min under argon (85JHC817). 



(635) (636) (637) 


/V-(3-lmidazo[l,2-a]pyridinyl)aminomethylenemalonates (638) were cy¬ 
clized by heating in boiling Dowtherm A for 40 min to give dipyrido[l,2- 
a : 3',2'-</]imidazolecarboxylates (639) in 46-76% yields (81JHC1565). 

N-(Pyrazolopyrimidin-7-yl)aminomethylenemalonates (640) were ther¬ 
mally cyclized when heated in diphenyl ether at 240°C for 7 min to give 
pyrazolopyridopyrimidinecarboxylates (641) in 73-75% yields (77GEP26 
50780). 


COOEt 

i-CH=C 

COOEt 



R- 


-N^Me 

COOEt 

NH-CH=C 

COOEt 


Me OH 



(640) 


(641 ) 
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The cyclization of 3-coumarinylaminomethylenemalonates (642) in boil¬ 
ing Dowtherm A or diphenyl ether for 1.0-1.25 hr afforded benzopy- 
rano[3,4-b]pyridinecarboxylates (643) in 77-79% yields (77JHC1009; 
80USP4210758; 81JHC697). 

R 2 
R 

-- R 

r = r’=r 2 = h 

R = MeO, R’= R3: H 

{6 42) R’=MeO. R = R*=H (643) 

R*=MeO, R = R’=H 


4-Coumarinylaminomethylenemalonate (644) failed to cyclize in boiling 
diphenyl ether (81JHC697). 

2-Benzopyranylaminomethylenemalonate (645) was cyclized by heating 
in boiling diphenyl ether under nitrogen until the evolution of ethanol 
ceased. This reaction gave benzopyrano[2,3-b]pyridine (646) in 83% yield 
(78USP4117134; 81JCH697). 


COOEt 



Under the previous conditions, 3-benzopyranylaminomethylenemalo- 
nates (647, X = O, R = H, 6-Me, 7-C1) afforded benzopyrano[3,2-f>]pyri- 
dines (648, X = O, R = H, 7-Me, 8-C1) in 52-93% yields (78USP4066655; 
81JHC697). 

3-Benzothiopyranylaminomethylenemalonates (647, X = S, R = H, 6- 
Me, 8-Me) were cyclized in boiling diphenyl etherfor90 min under nitrogen 
to give benzothiopyrano[3,2-6]pyridine-3-carboxylates (648, X = S, 
R = H, 7-Me, 9-Me) in 89-92% yields (85JHC89). 



A=U,3 0 

(647 ) (648) 
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The cyclization of AKS-isopropyl^-benzopyranyDaminomethylene- 
malonate (649) in boiling Dowtherm A for 1 hr afforded pyrano[3,2-g]- 
quinoline-2,7-decarboxylate (650) in 18% yield (80GEP2943658). 



(649) (650) 


The cyclization of N-(l,4-benzoxazin-7-yl)aminomethylenemalonates 
(82) in boiling diphenyl ether for 30 min afforded 1 ,4-oxazino[2,3-/]quin- 
oline-9-carboxylates (651) in 75-85% yields [88IJC(B)649], 

N-( 1,4-Thiazin-5-yl)- and N-( 1,4-thiazin-8-yl)aminomethylenemaIo- 
nates (652 and 654) were cyclized in diphenyl ether at 250-270°C for 
30 min to afford 1 ,4-thiazino[2,3-/?]quinolinecarboxylate (653) and 1,4- 
thiazino[3,2-)j]quinolinecarboxylates (655) in 86-90% yields, respectively 
(84MI6). 


R = Cl ; SPh ; N X , X = NPh, 0 
1651 ) 

NH-CH ; 

R R 

(654) (655) 

The cyclization of 1-anthrylaminomethylenemalonate and 1,6-bis- 
(aminomethylenemalonate) (189) in boiling diphenyl ether gave tetracyclic 
(656) and pentacyclic derivatives (657) in 90% and 83% yields, respectively 
(62MI2). 







COOEt 

OH 


(656) 


EtOOC" 


(657) 
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1-Anthraquinonylaminomethylenemalonates (658, R = H, OMe) and 
1,5-bis(aminomethylenemalonate) (191) in boiling diphenyl ether readily 
gave tetracyclic and pentacyclic pyridine derivatives (659 and 660) in good 
yields (59MI2). At the same time, the thermal cyclization of the 4-hydroxy 
derivative (658, R = OH) and 1,4-bis(aminomethylenemalonate) [658, 
R = —NHCH=C(COOEt) 2 ] did not yield the expected condensed tet¬ 
racyclic pyridine derivatives. 



(660) 


The cyclization of 7V-(octahydrophenanthronyl)aminomethylenemalo- 
nate (661) in boiling Dowtherm A gave octahydronaphtho[l,2-/]quino- 
linecarboxylate (662) (54JPJ203). 

Pyrido[2,3-a]carbazole-3-carboxylate (663) was prepared in good yield 
by the cyclization of (l-carbazolylamino)methylenemalonate in boiling 
diphenyl ether (52JOC1501). 



The thermal ring closure of N-( 1,2,3,4-tetrahydrodibenzofuran-8-yl)- 
aminomethylenemalonate (664) in boiling Dowtherm A for 30 min afforded 
7,8,9,10-tetrahydrobenzofuro[3,2-/j]quinoline-3-carboxylate (665) in good 
yield (69GEP1908542; 70GEP2021100; 71BRP1240446). 



(664) 


(665) 



Sec. A.l] CYCLIZATION OF 1-AMINOALKYLIDENEMALONATES 


155 


Diethyl l-(phenylamino)ethylidenemalonate was smoothly cyclized to 
ethyl 2-methylquinoline-3-carboxylate (666, R = R 1 = R 2 = H) in moder¬ 
ate yield by heating in mineral oil at 250°C (39JA2890) or in Dowtherm A 
at 210-225°C for 30 min (81CPB3712). 

Diethyl acetylmalonate was reacted with anilines in benzene in the 
presence of a catalytic amount of concentrated hydrochloric acid at 
65-70°C for 16 hr. Then, after evaporation, the residues were heated at 
195-220°C for 5-15 min to give 2-methylquinoline-3-carboxylates (666) in 
36-80% yields (83KGS1521). Meta-substituted anilines (R = Me, Cl) gave 
7-substituted 2-methylquinoline-3-carboxylates. 



R = H , OMe ; r's H , Me ,0 ; R J = H , Me, iPr.OMe ,Br (666 ) 


The reactions of anilines and diethyl acetylmalonate in 1-chloronaphtha- 
lene at 220-235°C for 1.5 hr afforded a mixture of 3-acetyl-2,4-dihydrox- 
yquinolines (667) and acetanilides, and if the reaction mixtures were heated 
above 240°C, an additional product (668) was formed (81MI3). From the 
reaction mixtures, 3-acetylquinolinones were isolated in 9-42% yields. 

The reactions of anilines (R =4-MeO and 3-C1) and diethyl acetylmalo¬ 
nate in nitrobenzene at 230-235°C for 1-2 hr gave 2,4-dihydroxy-3-acetyl- 
quinolines (667, R = 6-MeO and 7-C1). In the case of 3-chloroaniline, a 
mixture of the isomeric 5- and 7-chloroquinolines was obtained (46JA324). 
The 7-chloroquinoline was the major isomer. 


/"n coob 

-C\ ♦ MeCOCH — 

^ NH ’ iooEt 

(667) 

= 2 -Me; 3-Me;4-Et;4-Bu ; 2-MeO ; 

3 -MeO; 4 -MeO; 4-Cl; 4-Br, 4-F , 
4-PhCHjO; 4-C00Et; 2,3-diMe 
2,4 -diMe ; 2-Me; 3-Cl 


UH r|ie 


(668 
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The heating of 2,2,2-trifluoro-l-(arylamino)ethylidenemalonates (321) at 
210-250°C gave 2-trifluoromethylquinoline-3-carboxylates (669) in 
48-99% yields (80EUP12639). 

l-[(2-Trifluoromethylphenyl)amino]alkylidenemalonates (670) were cy- 
clized to 2-substituted quinoline-3-carboxylates (671) in 32-70% yields by 
heating in diphenyl ether at 240°C (77GEP2705446; 78FRP2377400). 

Dimethyl methylthio(phenylamino)methylenemalonate was cyclized in 
boiling decalin for 2 hr to afford methyl 2-methylthio-4-hydroxyquinoline- 
3-carboxylate in 70% yield (69T4649). 

A solution of diethyl (2,3,4-trifluorophenylamino)(p-methoxybenzyl- 
thio)methylenemalonate in diphenyl ether was added to diphenyl ether at 
110°C, and the reaction mixture was then stirred at 250-260°C for 20 min 
under nitrogen to give ethyl 4-hydroxy-2-(p-methoxyphenylthio)-6,7,8- 
trifluoroquinoline-3-carboxylate in 82% yield (88EUP286089). 



(669) R = Me , Et, Pr, iPr, Bu , iBu , CH 2 Ph 1671) 

(670) 


Dimethyl methylthio(2-trifluoromethylphenylamino)methylenemalo- 
nate (670, R = MeS) was cyclized by heating at 180°C for 30 min to 
afford 2-methylthioquinoline-3-carboxylate (671, R = MeS) in 71% yield 
(84FRP2532939). 

The reactions of 2-amino-1,3,4-thiadiazoles and diethyl 1-ethoxyethyli- 
denemalonate in diglyme at 140°C for 20 hr gave 7-methyl-l,3,4-thiadia- 
zolo[3,2-a]pyrimidine-6-carboxylates (672) in 14-25% yields after column 
chromatography (86FES737). Reactions in ethanol or dimethylacetamide 
were unsuccessful. 

The cyclization of aminomethylenemalonates (275) in Dowtherm A at 
250-260°C for 5-90 min, sometimes under nitrogen or argon, gave mono- 


N-N 

R^c>-NH 2 


,C00Et 

C 

'C00Et 



R = 3-pyrldyl, 4-morpholyl 


(672) 
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and bicyclic pyridine-3-carboxylates (673) in 30-88% yields [75JHC1245; 
77JHC477; 78JAP(K)63382; 88EUP270494]. The ring closure of N-( 2- 
methylcyclohexen-1 -yl)aminomethylenemalonate (674) under similar con¬ 
ditions afforded 4u-methylhexahydroquinoline-3-carboxylate (675) in 50% 
yield (75JHC1245). The acidic cyclization of aminomethylenemalonates 
(275, R, R 1 = —(CH 2 ) 4 — and R = Me, R 1 = COOEt) in polyphosphoric 
acid, polyphosphate ester, or phosphoryl chloride gave only intractable 
materials (75JHC1245). 


OH 

Rvjj^^COOEt 

(673) 


R and R’= Me , Ph 
R = H , R’= COOMe 

R = Me . R’= COMe , COOMe, COOEt, S0 2 C 6 H t -4Me 

R = R’r-ICH^CO - 

Rd R'=-(CH 2 )„-, n = 3-6,8,9 


a: 


'NHCH—C 

COOEt 

(674) 



(675) 


The thermal cyclization of A-(3-oxocyclohexen-l-yl)aminomethylene- 
malonates (676) in diphenyl ether at 240-260°C afforded tetrahydroquino- 
line-3-carboxylates (677) in good yields [79JAP(K)119484; 80GEP2947948, 
80GEP3008884; 82JAP(K)116048, 82JHC289], 

The ring closure of aminomethylenemalonates (278) in Dowtherm A at 
240°C for 0.5 hr under nitrogen afforded the corresponding condensed 
pyridine-3-carboxylates (678, X as in 278) (86EUP168350; 87USP4647566). 



R = H , Me , COOEt, CN, R'-R 3 =H,Me 


(676) (677) 


(678) 
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5-Cycloheptatrienylaminomethylenemalonates (679) yielded condensed 
pyridinecarboxylates (680) when heated in Dowtherm A for 0.5 hr 
(55BRP723341; 59NKZ75; 60NKZ295; 68NKZ620). 



( 679 ) R = H , Me, R’= H, Br, iPr, Ph ( 680 ) 


2. Under Acidic Conditions 

In the cyclization of A-(het)arylaminomethylenemalonates, a wide vari¬ 
ety of acidic agents have been used. Under such circumstances, not only 
/V-mono but also A,A-disubstituted derivatives could readily be cyclized. 

When diethyl phenyl(phenylamino)methylenemalonate (4) was dis¬ 
solved in concentrated sulfuric acid and the solution was kept at ambient 
temperature for a few days, 2-phenyl-4-hydroxyquinoline-3-carboxylic 
acid was obtained on the dilution of the reaction mixture with water 
(36JCS428). 

3-Indolylaminomethylenemalonates (681) were regioselectively cy¬ 
clized on the action of acetic anhydride or trifluoroacetic anhydride in 
carbon tetrachloride at 10-20°C for 3 hr, to give 8-carbolines (682) in 
22-75% yields (85ZOR432). 



( 681 ) (682 ) 


Pyrido[l,2,3-d£\|-l,4-benzoxazine-6-carboxylate (683) was prepared in 
96% yield by the cyclization of (1,4-benzoxazin-4-yl)methylenemalonate 
(272) on the action of a mixture of acetic anhydride and concentrated 
sulfuric acid at room temperature [84JAP(K)122493], or in 58-94% yields 
by heating in a mixture of acyl halides and concentrated sulfuric acid 
at 80-110°C for 1 hr [84JAP(K)216890], or in 75% yields by heating in 
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polyphosphate at 140-150°C for 1.5 hr [86JAP(K)246172, 
86JAP(K)2461188], Optically active 3S-methyl-9,10-difluoropyrido[l,2,3- 
</e]-l,4-benzoxazine-6-carboxylate (683) was obtained in 70-76% yields 
on the cyclization of optically active (35-methyl-7,8-difluoro-l ,4- 
benzoxazin-4-yl)methylenemalonate (272) by heating in a 2: 1 mixture of 
acetic anhydride and concentrated sulfuric acid at room temperature for 
1 hr and then at 50-60°C for 30-40 min (86EUP206283; 88EUP273399). 

Diethyl (arylamino)methylenemalonates (684) were cyclized with a 2: 1 
mixture of acetic anhydride and concentrated sulfuric acid at ambient 
temperature to give 4-hydroxyquinoline-3-carboxylates (685) in 15-80% 
yields (54JIC555, 54JIC7U, 54JIC951). 



( 683 ) R = H, Me , Ph; R 1 = H, Me , Cl, OMe (685) 

(684) 


The ring closure of N-cyclopropyl-N-(trisubstituted phenyl)aminometh- 
ylenemalonate (686) was carried out in a mixture of acetic anhydride and 
concentrated sulfuric acid to give l-cyclopropylquinoline-3-carboxylate 
(687) in 41% yield (85NKK2054). When the cyclization was carried out in 
polyphosphoric acid at 100-110°C for 30 min, l-cyclopropylquinoline-3- 
carboxylate (687) was obtained in 44% yield [86JAP(K) 143364]. 



(686 ) (687) 


The cyclization of (A(,)V-diarylamino)methylenemalonates (112) in a 2 : 1 
mixture of acetic anhydride and concentrated sulfuric acid at room temper¬ 
ature for 5-15 min gave l-phenyl-4-oxo-l,4-dihydroquinoline-3-carboxyl- 
ates (688) in good yields (69BRP1147336). The regioselective cyclization of 
unsymmetrically substituted Af,Af-diarylaminomethylenemalonates (112, 
R 4 R 1 ) took place on that phenyl ring that contained an electron-donating 
group (e.g., Me, OH, MeO, NHAc) or that did not bear an electron- 
withdrawing group (e.g., CF 3 , N0 2 , Cl). 
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R = H ,Me ,0H, OMe , NHAc 
R'iH ,Cl, CFj , N0 2 


{ 688 ) 


As cyclization with a mixture of acetic anhydride and concentrated 
sulfuric acid occurred very vigorously in the initial stage of the reaction, 
Agui et al. did not recommend it for large-scale operations (75JHC557). 
Renault et al. experienced that the yield of cyclization product decreased 
dramatically on scaling-up (76MI3). 

The cyclization of A-(bromophenyl)aminomethylenemalonates (684, 
R = H, R 1 = Br) in a mixture of acetic acid and concentrated sulfuric acid 
afforded quinoline-3-carboxylic acids in poor yields due to the decom¬ 
position of the starting A-(bromophenyl)aminomethylenemalonates 
(78JIC193). 

N-Cyclopropyl-AA(2,3-disubstituted 4-fluoro-6-nitrophenyl)aminometh- 
ylenemalonates (689) werecyclized to l-cyclopropylquinoline-3-carboxyl- 
ates (690) in a mixture of acetic anhydride and concentrated sulfuric acid 
at 50-70°C in 29-66% yields [86JAP(K) 143363; 87NEP471; 88EUP287951; 
89USP4874764]. 

Arylaminomethylenemalonates (684) were cyclized by heating in phos- 
phoryl chloride; depending on the work-up process, either the primarily 
formed 4-chloroquinoline-3-carboxylates (691) (e.g., 66BEP670520, 
66NEP447; 68FRP1531495; 69GEP1814187; 70FRP7611; 71GEP2033971, 
71JHC357; 72S625; 77TL4545) or their hydrolytic products, 4-hydroxy- 
quinoline-3-carboxylates (685) (e.g., 36JCS428; 66NEP447; 

68BRP1120870, 68FRP1531495, 68SAP5655; 69BRP1168105; 70FRP7975) 
were obtained in good yields. The ring closure was sometimes carried out 
in a solvent (e.g., dioxane, 69BRP1168105). 



( 689 ) (690) ( 691 ) 


The ring closure of diethyl 7V-(4-cycloheptylphenyl)aminomethyl- 
enemalonate in boiling phosphoryl chloride in the presence of a cata- 
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lytic amount of polyphosphoric acid for 2 hr afforded 6-cycloheptyl-4- 
chloroquinoline-3-carboxylate (691, R = H,R' = 6-cycloheptyl) (74GEP- 
2421121). 

N-Ethy k/V-(2,5-dimethoxyphenyl)aminomethylenemalonate was 
treated with phosphoryl chloride in boiling chloroform for 3 hr, to give 
ethyl 1-ethyl-5,8-dimethoxy-4-oxo-1,4-dihydroquinoline-3-carboxylate in 
69% yield (82HCA2645). 

4-Chlorothieno[2,3-6]pyridine-5-carboxylate (692, R = H) was pre¬ 
pared in 67% yield by the cyclization of 2-thienylaminomethylenemalonate 
(582, R = R 1 = R 2 = H) in boiling phosphoryl chloride for 2 hr 
(76GEP2447477). 5-Alkyl derivatives of compound (582, R = Me, Et, 
R 1 = R 2 = H) gave 2-alkyl-4-chlorothieno[2,3-6]pyridide-5-carboxylates 
(692, R = Me, Et) in 42-55% yields when reacted under similar conditions 
for 4 hr (80MI4; 84EUP126970). 

4-(Arylamino)quinoline-3-carboxylates (693) were prepared by the cycli¬ 
zation of N'-aryl(arylamino)methylenemalonamates (252) on the action of 
phosphoryl chloride in boiling benzene or of phosphorus pentoxide in 
refluxing xylene (46JA1246). Phosphoryl chloride proved to be a more 
effective cyclization agent than phosphorus pentoxide. This method could 
not be applied for the preparation of 4-alkylaminoquinoline-5-carbox- 
ylates. 

Diethyl N-ethyl-N-arylaminomethylenemalonates (106, R = Et, 
R 2 = H) were heated in phosphoryl chloride at 95-105°C for 3 hr to give 
quinolinium derivatives, which were isolated as iodide salts (694) 
[74J AP(K)32933]. 



R = H , Me, Et R'=H,Me; R 2 =H ,MeO 

(692 ) (693) {m) 


The heating of N-ethyl-N-(3,4-methylenedioxyphenyl)aminomethy- 
lenemalonate (286) in boiling phosphoryl chloride for 3 hr gave oxolinic 
acid in 35% yield after the work-up process (87KFZ1249). 

Diethyl (5-cyano-2-methyltetrahydroquinolin-1 -yl)methylenemalonate 
(130, R = H, R 1 = CN) was heated in boiling phosphoryl chloride for 4 
hr to give 8-cyano-5-methylbenzo[/ /|quinolizine-2-carboxylic acid (695, 
R = H, R 1 = CN, R 2 = H) in 69% yield after the work-up process 
(86USP4565872). 



162 


ISTVAN HERMECZ et al. 


[Sec. A.2 


A solution of (2,5-dimethyl-6-fluorotetrahydroquinolin-l-yl)methylene- 
malonate (130, R = F, R 1 = Me) in toluene was added to boiling phospho- 
ryl chloride over a period of 2 hr, and the reaction mixture was then 
refluxed for another 1.5 hr to afford benzo[//]quinolizine-2-carboxylate 
(695, R = F, R 1 = Me, R 2 = Et) in 77% yield (87EUP245913). 




R = Me . Et, Bu ; R'= R^=H 
R = R'= Me; R 2 = H 
R = Et; R’= R 2 = -(CH=CH)j- 


(695) 


(696) 


Markees and Schwab cyclized N-alkyl-Af-arylaminomethylenemal- 
onates (106, R 3 = H) by treatment with phosphorus pentoxide 
(72HCA1319). Equal amounts of aminomethylenemalonates (106, R 3 = H) 
and phosphorus pentoxide were warmed to about 130°C, when exothermic 
reactions occurred. The temperature of the reaction mixtures rose to about 
190°C. After the work-up process, quinoline-3-carboxylic acids (696) were 
obtained in 41-63% yields. Better yields (76-96%) were achieved when 
the reactions were carried out in nitrobenzene. 

The isomeric 1 ,3-dioxino[4,5-/i]quinoline (698) and 1 ,3-dioxino[5,4- 
/i]quinoline (700, R = Me) were prepared by cyclization of the appropriate 
N-( 1 ,3-benzodioxanyl)aminomethylenemalonates (697 and 699, R = Me) 
in boiling phosphoryl chloride for 12 hr (72MI5). While the methyl deriva¬ 
tive of compound 699 (R = Me) readily gave l,3-dioxino[5,4-/j]quinoline 
(700, R = Me), the unsubstituted and chloro derivatives (699, R = H, 
Cl) could not be cyclized by heating in phosphorus chloride, even if 
triethylamine, SnCl 4 , or PC1 5 was also present (72MI5). 



(697) (698 ) 




(700 ) 


(699) 
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The cyclization of arylaminomethylenemalonates (701) on the action of 
phosphorus pentoxide in nitrobenzene gave quinoline-3-carboxylates (702) 
in 16-85% yields (74JMC137). Polyphosphoric acid proved to be a more 
effective cyclization agent than the phosphorus pentoxide-nitrobenzene 
system. For example, a chloro derivative (701, R = Et, R 1 = Cl, 
R 2 = R 3 = R 4 = H) gave quinoline-3-carboxylate (702, R = Et, R 1 = Cl, 
R 2 = R 3 = R 4 = H) in 46% yield on the action of polyphosphoric acid, 
whereas the yield was only 16% in the phosphorus pentoxide-nitrobenzene 
system. 



(701 ) 


R = H . Et ; R'= H , MeO, Cl, Me ; R z = H (702 ) 

R 3 = H .OMe.Cl R = R 3 = -(CH=CH) 2 -,-CH=CH-C(0Me)=CH- 
R‘= h, Me 


The ring closure of (6-isopropyl-l,2,3,4-tetrahydroquinolin-l-yl)methy- 
lenemalonate (127, R = R 2 = H, R' = t'Pr) by heating in phosphosic acid 
at 100°C for 1 hr gave the benzo[/y'Jquinolizinecarboxylate (703) in 54% 
yield (74GEP2415763). 

A mixture of diethyl phenylaminomethylenemalonate (30 mmol) and 
triethyl phosphate (100 mmol) was heated at 220-225°C for 1 hr, and the 
reaction was then hydrolyzed with aqueous sodium hydroxide to give 
l-ethyl-4-oxo-l,4-dihydroquinoline-3-carboxylic acid in 80% yield. 6,7- 
Methylenedioxyquinolinecarboxylic acid (oxolinic acid) was prepared in 
75% yield in a similar way. This product was also obtained in the reaction of 
3,4-methylenedioxyaniline, EMME, and triethyl phosphate under similar 
conditions (70MIP1). 

Flumequine (704, R = H) was prepared in 91% yield by the cyclization 
of diethyl (6-fluoro-2-methyltetrahydroquinolin-l-yl)methylenemalonate 
(130, R = F, R 1 = H) in boiling toluene in the presence of tetraphosphoric 
acid for 2 hr, or in the presence of polyphosphoric acid for 14 hr. The 



( 703) 


{ 10U ) 
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tricyclic ester (704, R = Et) was then hydrolyzed to the carboxylic acid 
(704, R = H) (81FRP2476079). 

I4 C-Flumequine(704, R = H, *) was obtained from I4 C-labeled (6-fluoro- 
2-methyltetrahydroquinolin-l-yl)methylenemalonate (130, R = F, R 1 = 
H) by treatment in polyphosphoric acid at 130°C for 75 min (86MI14). 

The ring closure of N-(2-oxo-l,2,3,4-tetrahydroquinolin-5-yl)amino- 
methylenemalonate (705) by heating in polyphosphoric acid at 140°C 
for 30 min gave 1 ,7-phenanthrolinecarboxylate (706) in good yield 
[80JAP(K)69582], 

COOEt 

NH-CH=C-C00Et 

PPA 


(705) 1706 ) 

l-Alkylquinoline-3-carboxylic acids (696, R = Et, Pr, R 1 = R 2 = Me) 
were prepared in 37-59% yields by the cyclization of N-alkyl-N- 
(2,3-dimethylphenyl)aminomethylenemalonates (106, R = Et, Pr, 
R 1 = R 2 = Me, R 3 = H) in polyphosphoric acid at 150°Cfor 1 hr, followed 
by a work-up process using aqueous sodium hydroxide in dioxane 
(74GEP2246503). 

A-Ethyl-A-(3-halo-2-methylphenyl)aminomethylenemalonates (106, 
R = Et, R 1 = Me, R 2 = Hlg, R 3 = H) were heated in polyphosphoric 
acid, prepared from phosphoric acid and phosphorus pentoxide, at 140°C 
for 40 min. The reaction mixture was then poured into water, and the 
product was hydrolyzed with 10% aqueous sodium hydroxide to give 
quinoline-3-carboxylic acids (696, R = Et, R 1 = Me,R 2 = Hlg) in 68-70% 
yields (80GEP3007006). 

The cyclization of 7V-isopropyl-A/-(2,3,4-trifluorophenyl)aminomethy- 
lenemalonate (707, R = F; R 1 = H) by heating in polyphosphoric acid at 
80-130°C for 1 hr gave l-isopropylquinoline-3-carboxylic acid (708, 
R = F, R 1 = H) in 20% yield (85GEP3433924). 






COOEt 
N-CH=C 
,C[^ COOEt 
R’CH 2 CHjR 1 



R’CHj CHjR’ 


(707) 


(708) 
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N-Cyclopropyl-)V-(2,3,4-trihalophenyl)aminomethylenemalonates ( 707 , 
R = Cl, F; R' = valence bond) were cyclized by heating in polyphos- 
phoric acid at 120-135°C for 1-3 hr to afford l-cyclopropylquinoline-3- 
carboxylates ( 708 , R = Cl, F; R' = valence bond) in 13-49% yields 
(84BEP899399; 85SAP3954; 85EUP183129, 86EUP195316). 

The ring closure of Af-cyclopropyl-AM2,3,4-trisubstituted phenyl)ami- 
nomethylenemalonates ( 709 ) in polyphosphoric acid at 120-130°C 
gave l-cyclopropylquinoline-3-carboxylates ( 710 ) in moderate yields 
[87JAP(K)26272]. 


COOEt 

l-CH=C 

t’ ^ iooEt 



r’= Hlg ; R 2 = Hlg ; N N-R*- L^(CH 2 ) n -N^ 6 ; R = H , Cl, Br, N0 2 
R 5 

R 4 and R 5 = H , alkyl; R‘= H , alkyl, acyl, COOalkyl, n = 0,1 


N-Ethyl-Af-(5-substituted 2-thienyl)aminomethylenemalonates ( 711 ) 
were cyclized by heating in polyphosphoric acid at 110-120°C for 20-30 
min to afford 7-ethyl-4-oxothieno[2,3-6]pyridine-5-carboxylates ( 712 ) in 
65-80% yields (85EUP161235; 87MI3; 88MI12). 



(711) R=H,Me,Cl,Br,CH0,Ae,EtC0 (712) 


Depending on the work-up conditions, pyrrolo[3,2,l-f'/|quinoline- 
carboxylic acids ( 714 , R = H) [78JAP(K)82799; 79GEP2914218; 
79GEP2914258; 80JAP(K)145612, 80JAP(K)149284; 82BEP891046, 82 
BEP891537; 83JAP(K)90511] or pyrrolo[3,2,l-/7]quinolinecarboxylates 
( 714 , R = Et) [75USP3917609; 83JAP(K)13585; 88JHC1567] were pre¬ 
pared in moderate to good yields on the cyclization of 1-indolylmethylene- 
malonates ( 713 ) by heating in polyphosphoric acid at 40°C (88JHC1567) or 
at 120-180°C for 20-60 min. 

N-(l,2,3,4-Tetrahydroquinolin-l-yl)aminomethylenemalonates (715) 
were heated in polyphosphoric acid at 100-160°C for 5-90 min to give 
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1713) COOEt 


R= H ,Et; R'=H ,Me , R 2 and R 3 = 
Cl, F , N^JJCH 2 CF 3 , 


benzo[/'/Iquinolizinecarboxylates ( 716 , R = Et), which were isolated as 
esters (R = Et) or as acids (R = H) [79GEP2914218, 79GEP2914258; 
80JAP(K)38364, 80JAP(K)145612, 80JAP(K) 149284; 81BEP885605, 81 
FRP2463771, 81JAP(K)55388, 81JAP(K)59773; 82BEP891046, 82BEP 
891537; 83EUP79162, 83JAP(K)90511, 83USP4380543, 83USP440 

4207, 83USP4416884; 84EUP101829, 84EUP109284, 84EUP109285, 
84EUP119779, 84NEP1115, 84USP4443447; 86USP4565872]. Under the 
reaction circumstances, the cyano group (R 4 = CN) was partially hy¬ 
drolyzed to the carboxamido group (R 4 = CONH 2 ) (83EUP79162; 
86USP4565872). 

Optically active benzo[//]quinolizine-2-carboxylic acid (716, R = 
R 2 = H, R 1 = Me, R 3 = F, R 4 = Br) was prepared in the reaction of 
optically active 2-metyl-5-bromo-6-fluoro-l ,2,3,4-tetrahydroquinoline and 
EMME in polyphosphoric acid [88JAP(K)192753]. 

The tetrahydroquinolines were reacted with EMME at 150°C for 1 hr 
and then cyclized in polyphosphoric acid at 150°C for 30 min. The tricyclic 
ester ( 716 , R = Et, R' = H, Me; R 2 = H; R 3 = H, F, Cl, Br; R 4 = F, Cl, 
4-methyl-1-piperazinyl) were hydrolyzed with concentrated hydrochloric 
acid in 90% acetic acid to afford the corresponding acids ( 716 , R = H) in 
58-78% yields (89CPB2103). 

Diethyl (5-acetamido-6-fluor-2-methyl-1,2,3,4-tetrahydroquinolin-1 -yl)- 
methylenemalonate ( 130 , R = F, R 1 = NHAc) was cyclized by heating 



(715) C00Et (716) 

R = H ,Et ; R’= H ,Me , CH 2 0Ac, R3= H.Cl 


R 3 = H, Cl ,F,Me , R ? = H ,Cl,F, Br,Ph , OSOjMe , 
0S0 2 C t H*Me . l/^y-OH, NHAc ,CN, CONHj ,Me ,0Me 
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in polyphosphoric acid at 100°C for 45 min. The resulting 8-acetamido- 
9-fluorobenzo[y]quinolizine-2-carboxylate (695, R = F, R 1 = NHAc, 
R 2 = Et) was hydrolyzed with aqueous sodium hydroxide to 8-amino- 
9-fluorobenzo[y]quinolizine-2-carboxylic acid (695, R = F, R 1 = NH 2 , 
R 2 = H) (85USP4524148). 

The optically active enantiomers of ethyl benzo[y]quinolizine-2-carbox- 
ylates (695, R = F, R 1 = Me, R 2 = Et) were prepared in 65% yields by 
cyclization of the enantiomers of (tetrahydroquinolin-l-yl)methylenemalo- 
nates (130, R = F, R 1 =Me) in polyphosphoric acid at 100°C for 30 min 
(87JMC839). The 5-desmethyl derivative of 695 (R = F, R 1 = Me, R 2 = 
Et) was prepared similarly. 

(4-Oxotetrahydroquinolin-l-yl)methylenemalonates (132) were heated 
in polyphosphoric acid at 110-120°C for 2 hr to give l,7-dioxobenzo[/y]- 
quinoline-2-carboxylates (717) in 82-85% yields (86EUP203795). 

The ring closure of (1,4-benzoxazin-4-yl)methylenemalonates (136) by 
heating in polyphosphoric acid at 100-150°C for 0.5-1 hr afforded ethyl 
pyrido[l,2,3-de]-l,4-benzoxazine-6-carboxylates (718, R 3 = Et) in mod¬ 
erate or good yields [75USP3883522; 84USP4443447; 86EUP184384; 
88JAP(K)60990]. The cyclizations were sometimes carried out under nitro¬ 
gen (86EUP1843484). 

The cyclization of (8-acetyl-7-fluoro-3-methyl-l,4-benzoxazin-4-yl)- 
methylenemalonate (136, R = F, R 1 = Ac, R 2 = Me) by heating in poly¬ 
phosphoric acid at 65°C for 2 hr gave 10-acetyl-9-fluoro-5-methylpy- 
rido[l,2,3-de]-l,4-benzoxazine-6-carboxylic acid (718, R = F, R 1 = Ac, 
R 2 = Me, R 3 = H) in 63% yield (87JHC1509). 

(l,4-Benzothiazin-4-yl)methylenemalonates (141) were cyclized by 
heating in polyphosphoric acid at 160-185°Cfor 1 hr to afford pyrido[ 1,2,3- 
de]-l,4-benzothiazine-6-carboxylates or carboxylic acids (719, R 4 = Et, 
H) in 37-68% yields after the work-up processes [85JAP(K)208987; 
87JMC465; 88EUP252352, 88EUP267432]. 

Racemic and optically active ethyl 3-methylpyrido[l,2,3-de]quinox- 
aline-6-carboxylates (721) were prepared on the cyclization of diethyl 



r - F ,Ct R = H,F; r'= H ,Me ,Br,Ph R = H ,Me ; R = H,Cl ,F, CF, 

R = Me ,CH 2 F R = H,Cl ; R = H,Cl; R^Et.H 


(717) 


(710) 


(719) 
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1,7-phenanthroline was isolated in 24% yield in addition to the tetracyclic 
derivative (725, X = N, Y = CH, R = R 1 = H) (88M761). 

The cyclization of 9-carbazolylmethylenemalonates (144, R 2 = H) in 
polyphosphoric acid at 140°C for 30 min gave tetracyclic pyrido[3,2,l- 
j7;]carbazolecarboxylates (726) in good yields [79GEP2914258; 80 
JAP(K)145612], 

The cyclization of (1,2,3,4-tetrahydroquinolin-l-yl)methylenemalonates 
(727, R 2 = H, OH; R 3 = H) was achieved by heating in polyphosphoric 
acid at 100-120°C for 0.5-1.0 hr to give benzo[/,/lquinolizinecarboxylates 
or carboxylic acids (728, R = Et or H), depending on the work-up process 
(73GEP2264163; 74GEP2415763 ; 76MIP3. 76USP3969463, 76USP 
3985882; 77USP4001243, 77USP4014877). (4-Oxotetrahydroquinolin-l- 
yl)methylenemalonate (727, R' = Me; R 2 = R 3 = O; R 4 = F; 
R 5 = R 6 = H) was cyclized to a tricyclic compound (728, R = Et, 
R 1 = Me, R 2 = R 3 = O, R 4 = F, R 5 = R 6 = H) by treatment in poly¬ 
phosphoric acid at 150-160°C for 5-10 min (76USP3976651, 
76USP3985753). Alkylenedioxy derivatives of 727 (R 4 = R 5 = 0(CH 2 ) n 0, 
n = 1,2)gave l,3-dioxolo-9,10-and l,4-dioxino-9,10-benzo[y]quinolizine- 
carboxylic acid derivatives (728, R 4 = R 5 = —0(CH 2 ) n 0—) 
(77USP4001243, 77USP4014877). 



CH=C-C00Et R = H , OH , R = H 


COOEt 

( 727) 


R J =R 3 =0 


R‘ 0 



( 728) 


The cyclization of A(-(2,2,2-trifluoroethyl)-N-(4-fluorophenyl)amino- 
methylenemalonates (729) was carried out in polyphosphoric acid at 
105-115°C to give quinoline-3-carboxylates (730) in moderate yields 
(79USP4146625). 

Aminomethylenemalonates (731, 732, and 733) could not be cyclized 
by heating in polyphosphoric acid; only hydrolysis to the parent amines 



7291 


ml; 8-Me 
= 2; 7.8 -diMe 


(730 
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R » t f*' X 

COOEt 

W^NH-CH=C 

COOEt 

n = 1,2 ; X = CH ;R = H,Cl 
n = 1 ; X = 0 : R = H,Cl 


C j^NHR ,- 00Et 

"^NH-CH=C 
n n ,, , COOEt 



CH=C-COOEt 

COOEt 


(731) 


(732 ) ( 733) 


occurred [75JCS(P 1)2409]. Aminomethylenemalonates (731) behaved sim¬ 
ilarly in ethyl polyphosphate, 

The ethyl l-methyl-5,7-dimethoxy-4-oxo-l ,4-dihydroquinoline-3-car- 
boxylate was obtained in 55% yield on the cyclization of diethyl A-methyl- 
7V-(3,5-dimethoxyphenyl)aminomethylenemalonate in polyphosphate at 
110°C for 1.5 hr (89JMC807). 

The cyclization of )V-(2-substituted 3,4-difluorophenyl)aminometh- 
ylenemalonate (734) in polyphosphate at 100°C for 10 hr under nitrogen 
gave the quinoline-3-carboxylic acid (735) after work-up of the reaction 
mixture (87EUP216345). 


Y'i) PPE 

F >i y ;k NH-CH=C " 

Ov^R ioOEt 

(734 1 R = PhCHjtQlCHjPh ,735) 



Af-Substituted Af-(2,3,4-trifluorophenyl)aminomethylenemalonates 
(736, R 1 = F) were cyclized by heating in polyphosphate at 110-115°C for 
1 hr to give l-substitutedquinoline-3-carboxylates(737,R‘ = F) in 48-88% 
yields [85JAP(K) 166681]. 

The cyclization of A/-alkyl-/V-(2,4-difluoro-3-(pyridyl)phenyl)amino- 
methylenemalonates (736, R 1 = pyridyl) was carried out in polyphosphate 
at 100°C for 30 min [85JAP(K) 166678] or at 150°C for 20-30 min 
(87USP4636506) to give l-alkylquinoline-3-carboxylates (737, R 1 = 
pyridyl) in 11-65% yields. 
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Diethyl (l,4-benzoxazin-4-yl)methylenemalonates (136, R and R 1 = F, 
Cl, R 2 = H, Me, CH 2 OMe) were cyclized by heating in polyphosphate at 
120-145°C for 1.0-2.5 hr to give ethyl pyrido[l,2,3-de]-l,4-benzoxazine- 
6-carboxylates (718, R and R' = F, Cl; R 2 = H, Me, CH 2 OMe, R 3 = Et) 
in 64-69% yields [82EUP47005, 82JAP(K)203085; 83JAP(K)52290; 
84CPB4907, 84EUP101829]. 

Ethyl 9,10-difluoro-3-methylpyrido[l,2,3-de]-l,4-benzoxazine-6-car- 
boxylate (718, R = R 1 = F, R 2 = Me, R 3 =Et) was prepared in 75% yield 
in the one-pot reaction of 7,8-difluoro-3-methyl-3,4-dihydro-2//-l ,4-benzo- 
xazine and diethyl A r ,A r -dimethylaminomethylenemalonate in polyphos¬ 
phate at 140-145°C for 1.5 hr [83JAP(K)72588], 

The ring closure of (l,4-benzothiazin-4-yl)-methylenemalonates (141, 
R = R 3 = H, R 1 = F, 3-pyridyl, R 2 = F) in polyphosphate at 130-140°C 
for 30-60 min gave ethyl pyrido[l,2,3-de]-l,4-benzothiazine-6-carboxy- 
lates (719, R = R 3 = H, R 1 = F, 3-pyridyl, R 2 = F, R 4 = Et) in 70-79% 
yields [82JAP(K)203085; 87USP4636506]. 

The heating of Af-(2-(2-hydroxyethylthio)-3-(3-pyridyl)-4-fluorophen- 
yl)aminomethylenemalonate (738) in polyphosphate at 130-145°C for 30 
min afforded tricyclic pyrido[l,2,3-de]-l,4-benzothiazine-6-carboxylate 
(739) (87USP4636506). 



( 738) ( 739 ) 


The cyclization of (5,6-difluorotetrahydroquinoxalin-l-yl)methylenema- 
lonates (740, R 2 = F) by heating in polyphosphate at 140°C for 1.0-1.5 h 
gave ethyl pyrido[l,2,3-£/,e]quinoxaline-6-carboxylates (741, R 2 = F) in 
moderate yields [82JAP(K)203085], 

The ring closure of diethyl (tetrahydroquinoxalin-l-yl)methylenemalo- 


R 2 R 

R 1 

CH=C-C00Et 

COOEt 

nuo) 




R 2 =F, 3-pyridyl 
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nate (740, R = Me, R 1 = H, R 2 = 3-pyridyl) in polyphosphate at 
130-140°C for 30 min afforded pyrido[l,2,3-d<?]quinoxaline-6-carboxylate 
(741, R = Me, R 1 = H, R 2 = 3-pyridyl) in 84% yield (87USP4636506). 

Pyrido[l ,2,3-e/l-l ,5-benzoxazepine-7-carboxylate (743) was obtained 
in moderate yield by the cyclization of (1,5-benzoxazepin-5-yl)methylene- 
malonate (742) on the action of polyphosphate at 150-160°C for 1 hr 
[82JAP(K)203085]. 



COOEt 

(742! (743 J 


The cyclization of (imidazo[4,5-g]quinolin-5-yl)methylenemalonate 
(146) by heating in polyphosphate at 130°C afforded benzimidazolo[6,5,4- 
i j'Jquinolizine carboxylate (744) in 50% yield [79JAP(K) 154797]. 

The cyclization of (furo[2,3-/i]-l,4-benzoxazinyl)methylenemalonate 
(156) by heating in polyphosphate at 130-140°C for 1 hr afforded furo[2, 
3-/i]pyrido[l,2,3-de]-l,4-benzoxazine-6-carboxylate (718, R = R 1 = 
—O—CH—CH, R 2 = Me) in 61% yield (84CPB4923). 

The heating of tricyclic methylenemalonates (150) in polyphosphate at 
120°C gave tetracyclic quinoline-3-carboxylates (745, R, X, and Y as in 
150) in 60-79% yields [79JAP(K) 163598], 



(744) (74SI 


(Thieno[2,3-/]quinolin-6-yl)methylenemalonates (746) were cyclized 
by heating in polyphosphate at 110-130°C for 4-7 hr to give benzo- 
thieno[5,6,7-//]quinolizine-6-carboxylates (747) in 53-68% yields 
(88AP241). 

Diethyl (7,8-difluoro-3-methyl-3,4-dihydro-2//-benzoxazin-4-yl)methy- 
lenemalonate was cyclized in boiling acetic anhydride on the action of 
boron trifluoride in THF to give a pyrido[l,2,3-de]-l,4-benzoxazine-6- 
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carboxylic acid and boric acid anhydride (748, R = R 1 = F) in 79-86% 
yields [85JAP(K) 126290], 

(l,4-Benzoxazin-4-yl)methylenemalonates (136, R 2 = Me) were cy- 
clized on the action of boron trifluoride in THF by heating in Dowtherm 
A at 240-250°C for 30 min to give pyrido[ 1 ,2,3-de]- 1,4-benzoxazines (748) 
in 54-94% yields [83JAP(K)29789]. 


F F 



(746) (747) (748) 


Nakagome and co-workers effected the successful cyclization of N- 
ethyl-A-arylaminomethylenemalonates (749) in polyphosphoric acid, pre¬ 
pared from orthophosphoric acid and phosphorus pentoxide; in polyphos¬ 
phate ester (PPE), prepared from phosphorus pentoxide and anhydrous 
diethyl ether in chloroform; in phosphoryl chloride; on the action of boron 
trifluoride etherate; on the action of acetic anhydride and concentrated 
sulfuric acid; or on the action of phosphorus pentoxide in benzene 
[71GEP2033971, 71JHC357; 76JAP(K) 18440], Depending on the work-up 
process, l-ethyl-4-oxoquinoline-3-carboxylates (750, R 1 = Et), l-ethyl-4- 
oxoquinoline-3-carboxylic acids (750, R 2 = H) and 3-ethoxycarbonyl-4- 
chloroquinolinium iodides (751) were obtained. Only the cyclization of 


R = H, 2 - Me, 4-Me, 2 - Ef, 2 -MeO 
4-MeO, 2-Ef0, 3,4-(Me0) 2 
3,4-OCHjO- 2,3-|CH=CH)j 




(749) 



(750) 


(751) 
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(V-(3-trifluoromethylphenyl)aminomethylenemalonate (749, R = 3-CF 3 ) 
proved unsuccessful in boiling phosphoryl chloride. The thermal cycliza- 
tion of /V-ethyl-iV-arylaminomethylenemalonates (749) and their ring clo¬ 
sure in acetic acid, in acetic anhydride with zinc chloride, or in a melt of 
aluminium chloride were likewise unsuccessful (71JHC357). The corre¬ 
sponding quinoline was not obtained in a one-pot version when N-ethylani- 
line and EMME were reacted in polyphosphoric acid. Table V shows the 
yields of quinoline-3-carboxylic acid derivatives obtained from N-ethyl- 
N-phenyl- and N-ethyl-N-(3,4-methylenedioxyphenyl)aminomethylene- 
malonates (749, R = H and 3,4-0CH 2 0) under various acidic cyclization 
conditions. 

Diethyl N-cthyl-N-(3-methyl-5-isoxazolyl)aminomethylenemalonate 
could not be cyclized under acidic conditions in phosphoryl chloride, 
polyphosphoric acid or PPE (88JHC231). 

Diethyl N-ethyl-iV-(2,5-dibenzoyloxyphenyl)-aminomethylenemalonate 
was cyclized in hydrofluoric acid at ambient temperature for 3 days to 
afford ethyl 5,8-dihydroxy- l-ethyl-4-oxo-1,4-dihydroquinoline-3-carbox- 
ylate in 62-73% yields (82HCA2645). 


TABLE V 

Cyclization of Diethyl A/-Ethyl-A/-phenyl- and 
'V-Ethyl /V-(3,4-mfthylenedioxyphenyDaminomethylenemalonates (749) under 
Acidic Condition (71JHC357) 


R Cyclization 

749 agent 

Reaction 

tempCC) 

Conditions 

Product 

Yield % 

H PPA 

110-120 

IS min 

750, R 1 

= Et 

76(60“) 

PPA 

170-180 

40 min 

750, R 1 

= H 

48 

PPE 

100-115 

3 hr 

750, R 1 

= Et 

72 

Boron trifluoride 

Reflux 

3 hr 

750, R 1 

= H 

74 

Ac 2 0-H 2 S0 4 

r.t. 

15 min 

750, R 1 

= H 

54 

P,0 5 in benzene 

Reflux 

4 hr 

750, R 1 

= Et 

17* 

POCy + Kl) 1 

Reflux 

3 hr 

751 


75 

3,4-0CH 2 0- PPA 

90-95 

1 hr 

750, R 1 

= Et 

79(54“) 

PPA 

90-95 

1 hr 

750, R 1 

= H 

83“' 

PPE 

100-110 

3 hr 

750, R 1 

= H 

90 

Boron trifluoride 

Reflux 

8 hr 

750, R 1 

= H 

85 

POCl 2 ( + KI)‘ 

70-80 

3 hr 

751 


88 


" After recrystallization. 
h 28% of JV-Ethylaniline was recovered. 

‘ The quaternary salt (751) was prepared as iodide by the use of potassium iodide. 

The carboxylic acid was isolated after the alkaline treatment of the reaction mixture. 
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3. CYCLIZATION OF (m-SUBSTITUTED 
Phenyl)aminomethylenemalonates and 
Related Systems 

If a substituent is present at the meta position of the phenyl ring of 
phenylaminomethylenemalonate, then the 5- and 7-substituted isomers of 
quinoline-3-carboxylates may form (see Scheme 43). When the cyclization 
is carried out thermally, the 7-substituted isomer is usually the major 
product [e.g., 46JA1204, 46JA1255, 46JA1264, 46JA1268, 46JA1272; 
47JA371, 47JA374; 48JA4063; 49BRP627297, 49JA3236, 49JOC277; 50- 
USP2492801; 52USP2614121; 63BRP942524, 63MI2; 64BEP640906; 
65BEP659237; 66BEP670520, 66FRP4148, 66JMC934, 66NEP447, 66- 
NEP2994; 67USP3316147; 68BRP1120870, 68BRP1122715, 68FRP- 
1531495, 68SAP5655; 69BRP1168105, 69FRP2001888, 69GEP1814187, 
69GEP1908262, 69GEP1908542, 69JMC232, 69SAP5212, 69USP3472859; 
70FRP7611,70FRP7975, 70FRP1581462, 70GEP1912944, 70GEP1936393, 
70GEP2021100, 70GEP2033969, 70JMC870, 70JMC1110, 70MIP3; 71- 
BRP1240446, 71GEP2030899, 71JHC357, 72ACH351, 72ACH469, 72- 
GEP2220294, 72GEP2224090, 72JMC235, 72MI3; 73AJC907, 73USP- 
3755332; 74BEP819195, 74FRP2193822, 74GEP2421121, 74GEP2431584, 
74JHC849, 74NEP11324; 75BRP1396681, 75GEP2343462, 75JAP(K)- 
49286, 75JHC557, 75MI1, 75USP3907808; 76H1347, 76MIP1,76PHA145, 
76SZP57834; 77JAP(K)83596, 77JAP(K)125196, 77JMC1001, 77MI4, 
77PHA223; 78JMC268, 78JPR937, 78YZ1291; 79CPB1, 79EGP134225, 
79EGP136742, 79GEP2840910, 79JHC1353; 80G155, 80GEP2856908, 
80JAP(K)33453, 80JMC1358, 80MIP1, 80NEP1752; 81JAP(K)65874; 
82CPB3517, 82CPB3530, 82EUP62001, 82EUP67772, 82IJC(B)444, 
82JMC57, 82USP4343804; 83ACH241, 83EUP70767; 84EUP106489, 


R’ x _ .COOEt 
R'^^'NH'" C “ C -c00Et 



5 - substituted isomer 7-substituted isomer 


Scheme 43 
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84FES95 , 84FES910, 84FRP2537140, 84JHC1857; 85BEP902586, 

85CP1192554, 85EUP134165 , 85EUP153I63, 85EUPI55244, 85FES237, 
85FRP2548664, 85JAP(K)28964, 85MIP1, 85USP4533735; 86EUP172004, 
86EUP179239, 86EUP184384, 86FES366, 86FRP2574404, 

86JAP(K)3777I, 86KFZ3I3, 86M1339, 86MI13, 86MIP3; 87EUP230053, 
87FES3, 87JHC399, 87JHC1509, 87MI6, 87MI7, 87YZ123; 88JPS458, 
88USP4777252]. 

Acidic conditions are more favorable than thermal ring-closure for the 
formation of 5-substituted isomers. The isomeric ratio of 5- and 7-substi- 
tuted quinolines is less sensitive to conditions of ring closure in the case 
of A-(3-alkoxy- or 3,4-dialkoxy- or 3,4-alkylenedioxophenyl)aminomethy- 
lenemalonates (see Table V and following discussion). 

Aqui et al. investigated the cyclization of diethyl A-(3-substituted phe- 
nyl)aminomethylenemalonates (251) under different cyclization conditions 
(75JHC557). For cyclization, they applied a 4:7 mixture of concentrated 
sulfuric acid and acetic anhydride, polyphosphoric acid, polyphosphate 
(prepared from phosphorus pentoxide and diethyl ether in chloroform), 
phosphoryl chloride, and Dowtherm A (see Table VI). They found the 
most effective cyclization conditions were thermal cyclization (heating in 
Dowtherm A) and polyphosphate. 

In the case of phosphoryl chloride, the primary products were 4-chloro- 
quinoline-3-carboxylates. As the quinoline-3-esters were very insoluble, 
the reaction products were hydrolyzed to quinoline-3-carboxylic acids, 
and the isomeric ratios were determined by 'H-NMR in trifluoroacetic 
acid. Thermal cyclization in Dowtherm A resulted mainly in formation of 
the 7-substituted isomer. In the case of chloro derivatives (250), only traces 
of 5-isomer could be detected. [Earlier, others observed and reported the 
formation of a small amount of the 5-isomer too (e.g., 46JA1204; 47JA374]. 

Under acidic conditions, the formation of a nearly 1:1 mixture of 5- and 
7-substituted quinoline-3-carboxylates, with a slight excess of the former, 
was observed from the 3-chloro- and 3-methyl derivatives. The cycliza- 
tions of 3-nitro, 3-trifluoromethyl, and methoxy derivatives were carried 
out only in polyphosphate to give mainly the 7-substituted isomers. 

When the qualitative data of the various authors are compared, it seems 
that the cyclization of /V-(3-alkoxyphenyl)aminomethylenemalonates is 
not too sensitive to the cyclization conditions, and mainly 7-alkoxyquino- 
line-3-carboxylates are obtained. 

The yield of the cyclization of /V-(3-nitrophenyl)aminomethylenemalo- 
nate (752, R = H) in polyphosphate did not improve significantly when 
the A-ethyl derivative (752, R = Et) was applied, but the isomeric ratio 
was shifted towards the 5-substituted compound (754) (75JHC557). 

Smrz et al. investigated the ring closure of diethyl A-ethyl-A-(3,4-meth- 
ylenedioxophenyl)aminomethylenemalonate (286) under acidic conditions 
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TABLE VI 

Ratio of 7- and 5-Substituted 4-Hydroxyquin9line-3-carboxylates (759 and 758) Formed by 
THE CYCLIZATION OF DlETHYL N-(3-SUBSTITUTED PHENYL)AMINOMETHYLENEMALONATES (757) 


Yield” 


R R' Dowtherm A Ac,0-H,S0 4 PPE PPA POCI, P,0 5 References 


OMe 

H 

70 (100:0) 


46 000:0) 


75JHC557 

76MI5 

cf 3 

H 

? (100:0) 


30 (91:9) 


75JHC557 

76MI4 

NO, 

H 

85* 


6(80:20) 


75JHC557 



? (100:0) 




76MI4 

Me 

H 

82 (90: 10) 

20(40:60) 

76(43:57) 

15(35:65) 

67(42:58) 75JHC557 




32 (37:63) 



76MI3 

Cl 

H 

68 000:?) 

21 (48:52) 

73 (45:55) 

14 (46:54) 

26 (48: 52) 75JHC557 

Cl 

F 

70‘ 

10.3 

55 

21 

17.6 11 86MI13 



(100:?) 

(45:55) 

(52:48) 

(48:52) 

(25:75) (63:27) (87MI7) 

NO, 

Cl 

80.9 (50:50) 




79CPB1 

AcOCH, 

H 

64.4 (4:1) 




82CPB3517 

AcOCHj 

F 

89 000:?) 




82CPB3530 

Me 

F 

83 (4:1) 




82CPB3530 

Ac 

H 

(1:4) 




87JHC1509 

Ac 

F 

62.6 (1:4) 




87JHC1509 

cy 

V_/Me 

68 (100:0) 




87JHC1509 


“ Ratio enclosed in parentheses. 
* 47JA374. 

‘ 87EUP230053. 



(752) (753) 


R Yield Ratio 

H 6% 80 

Et 8% 63 



(borontrifluoride etherate, phosphoric acid, phosphoryl chloride, and a 
mixture of acetic anhydride and concentrated sulfuric acid). In addition to 
the linear isomer (755), the angular one (756) was formed in only 1,5% 
yields, depending on the cyclization conditions. The lowest yield of angu¬ 
lar isomer (756) (1-2%) was achieved on the action of borontrifluoride 
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(755) (756) 


etherate, while the highest yield was obtained in a mixture of acetic anhy¬ 
dride and concentrated sulfuric acid (83MI3). The isomeric tricyclic com¬ 
pounds (755 and 756) were separated by fractional crystallization from 
20% hydrochloric acid. 

Mapara and Desai carried out the cyclization of A/-(3-substituted phe- 
nyl)aminomethylenemalonates (757, R 1 = H) in a 2:1 mixture of acetic 
anhydride and concentrated sulfuric acid and in diphenyl ether (54JIC951). 
Acidic conditions yielded mainly 5-substituted quinoline-3-carboxylates 
(758, R 1 = H), whereas on heating in diphenyl ether, the 7-substituted 
compounds (759, R 1 = H) were the major products. 



(758 ) 1759) 

Renault et al. cyclized 7V-(3-methylphenyl)aminomethylenemalonate 
(757, R = Me, R 1 = H) in a mixture of acetic anhydride and concentrated 
sulfuric acid to give a mixture of 5- and 7-methyl-quinoline-3-carboxylates 
(758 and 759, R = Me, R 1 = H) (76M13). The ratio of the 5- and 7-methyl 
isomers was determined by 'H-NMR (see Table VI). Mapara and Desai 
reported that only the 5-methyl isomer (758, R = Me, R 1 = H) was ob¬ 
tained, in 74% yield, under similar conditions (54JIC951). 

In the thermal cyclization of A/-(3-nitro-, 3-trifluoromethyl-, and 3- 
methoxyphenyl)aminomethylenemalonates (757, R = N0 2 , CF 3 , OMe, 
R 1 = H), only the presence of 7-substituted quinolines (759, R = N0 2 , 
CF 3 , OMe, R 2 = H) could be detected by 'H-NMR (76MI4, 76M15). 

Later, starting from /V-(3-nitrophenyl)aminomethylenemalonate (752, 
R = H), Cidda and Sleiter prepared 5- and 7-nitro-4-chloroquinolines in 
1 : 2 ratio in several steps. In the first step of the thermal ring closure in 
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diphenyl ether, a mixture of 5- and 7-nitroquinoline-3-carboxylates (754 
and 753, R = H) was obtained (80G155). 

The thermal cyclization of A-(3-acetoxymethyl)phenyl aminomethy- 
lenemalonate (757, R = CH 2 Ac, R 1 = H) by heating in diphenyl ether 
at 250-255°C for 15 min gave a 1 : 4 mixture of 5- and 7-(acetoxymethyl) 
quinoline-3-carboxylates (758 and 759, R = CH 2 OAc, R 1 = H) in 64% 
yield. The major isomer (759, R = CH 2 OAc, R 1 = H) was isolated by 
crystallization from DMF (82CPB3517). 

Shah and Coats prepared a series of 7-substituted quinoline-3-carboxyl- 
ates (759, R 1 = H) in 63-98% yields by thermal cyclization of diethyl N-( 3- 
substituted phenyl)aminomethylenemalonates (757, R 1 = H) in diphenyl 
ether at 250-260°C (77JMC1001). A-(3-Cyanophenyl)aminomethylenema- 
lonate (757, R = CN, R' = H) gave 7-cyanoquinoline-3-carboxylate 
(759, R = CN, R 1 = H) (76PHA145; 77JMC1001) and not the 5-cyano 
isomer (758, R = CN, R 1 = H) as stated earlier (47JA374). The thermal 
cyclization of (3-sulfonamidophenyl)aminomethylenemalonate (757, 
R = H 2 NS0 2 , R 1 = H) was unsuccessful (77JMC1001). 

Lee et al. reported that the thermal ring closure of diethyl N-(3-cyano- 
4-fluorophenyl)aminomethylenemalonate (757, R= CN, R 1 = F) in 
Dowtherm A led to the formation of 5-cyano-6-fluoro-4-hydroxyquinoline- 
3-carboxylate (759, R = CN, R' = F) in very good yield (89MI1). 

AK3-Hydroxyphenyl)aminomethylenemalonate (757, R = OH, 
R 1 = H) was cyclized on the action of poly phosphoric acid in phosphoryl 
chloride at 100°C for 2 hr to give 4,5-dihydroxyquinoline-3-carboxylate 
(758, R = OH, R' = H) in 67% yield [81JAP(K)65874], 

The thermal cyclization of N-(3-acetyl- and 3-acetyl-4-fluorophenyl)am- 
inomethylenemalonates (757, R = Ac, R 1 = H, F) in boiling Dowtherm A 
gave a 4 : 1 mixture of the isomeric 5- and 7-acetylquinoline carboxylates 
(758 and 759), R = Ac, R 1 = F) (87JHC1509). 

If N-[3-(2-methyl-1,3-dithian-3-yl)phenyl]aminomethy lenemalonate 
(760) was used instead of the acetyl derivative (757, R = Ac, R 1 = F), 
only the 7-substituted quinoline-3-carboxylate (761) was obtained in 68% 
yield (85EUP153163; 87JHC1509). 

The ring closure of arylaminomethylenemalonates (762) in a 1 : 3 mix¬ 
ture of polyphosphoric acid and phosphoryl chloride at 70°C for 4 hr 
afforded quinoline-3-carboxylates (763) in 56-78% yields (87JHC399). 


OH 



(760) 


(761) 
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Approximately a 1 : 1 mixture of isomeric 5- and 7-nitro-6-chloroquino- 
line-3-carboxylates(758and759, R = N0 2 ,R' = Cl) was obtained in 81% 
yield on the thermal cyclization of N-(3-nitro-4-chlorophenyl)aminometh- 
ylenemalonate (757, R = N0 2 ,R' = Cl) in boiling Dowtherm A for 30 min 
(79CPB1). 

A 1 : 4 mixture of isomeric quinoline-3-carboxylates (758 and 759, 
R = Me, R 1 = F) was obtained in 83% yield on the thermal cyclization 
of (V-(3-methyl-4-fluorophenyl)aminomethylenemalonate (757, R = Me, 
R 1 = F) in diphenyl ether at 250-255°C for 15 min (82CPB3530). 

The cyclization of N-(2,2,2-trifluoroethyl)-(V-(3-methyl-4-fluorophe- 
nyl)aminomethylenemalonate (764) by heating in polyphosphoric acid at 
105-115°C afforded a mixture of the 5- and 7-methyl isomers (765 and 766) 
(79USP4146625). 



(764 ) (765 ) 1766 ) 


Guo et al. investigated the ring closure of A/-(4-fluoro-3-chlorophenyl)- 
aminomethylenemalonate (757, R = Cl, R 1 = F) under acidic conditions 
(see Table VI). A mixture of 5- and 7-chloro-6-fluoroquinoline-3-carboxyl- 
ates (758 and 759, R = Cl, R 1 = F) was obtained, in 10-55% yields. The 
best yield was achieved in polyphosphate (86MI13; 87MI7). 

A/-(4-Fluoro-3-chlorophenyl)aminomethylenemalonate (757, R = Cl, 
R 1 = F) was cyclized in the melt by heating at 250-265°C for 30 min 
to give 6-fluoro-7-chloroquinoline-3-carboxylate (759, R = Cl, R 1 = F) in 
70% yield (87EUP230053). 

Isomeric 6- and 8-chloro-7-fluorothiazolo[3,2-a]quinolines (768 and 769) 
were prepared in 29-66% yields by the thermal cyclization of [(2-sub- 
stituted ethyl)thio][(3-chloro-4-fluorophenyl)amino]methylenemalonates 
(767) in diphenyl ether at 250°C for 5 min (82EUP58392). 

Harris studied the cyclization of A r -(3,4-diisobutoxyphenyl)aminometh- 
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(767) 



( 768) 



(769) 


(768) (769) 


R - Ac 26.2% 6 6% 

R = Me 3 Si 59.3% 7.0% 
R = j^Y 25 °° /o U 0 ° /o 


ylenemalonate (257, R = /Bu) under acidic conditions (71S256; 72S625). 
4-Hydroxyquinoline-3-carboxylate (770, R = OH) was obtained in 78% 
yield in polyphosphoric acid at 168-175°C for 1 hr, in 91% yield in poly¬ 
phosphate (prepared from phosphorus pentoxide and ethanol in xylene) 
at 138—141°C for 30 min, and in 90% yield by the action of a mixture of 
phosphoryl chloride and polyphosphoric acid in boiling toluene for 20 min. 
4-Chloroquinoline-3-carboxylate (770, R = Cl) was prepared in 55% yield 
in phosphoryl chloride at 100°C for 2 hr. 

N-(3,4-Disubstituted phenyl)aminomethylenemalonates (771) were cy- 
clized by heating in polyphosphate at 100-120°C for 2 hr to give quinoline- 
3-carboxylates (772) in 42-72% yields (83ACH241). 



( 770) R = R'=-0CH 2 0- 


The cyclization of iV-(3-substituted phenyl)aminomethylenemalonate 
(773) in boiling diphenyl ether for 5 min gave a mixture of isomeric 5- 
and 7-substituted quinoline-3-carboxylate (774 and 775) in moderate yield 
[82IJC(B)444], The 7-substituted isomer (775) was the major product. 

The thermal ring closure of diethyl A^-(3-aminophenyl)aminomethylene- 
malonate (757 R = NH 2 , R 1 = H) and its 4-fluoro derivative (757, 
R = NH 2 , R 1 = F) in boiling diphenyl ether in the presence of acetic 
anhydride gave the corresponding ethyl 7-acetamido-4-hydroxyquinoline- 
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COOEt 
NHCH=C 

COOEt 


JOT 



(77S) 


3-carboxylate (759, R = NHAc, R 1 = H, F) in 45% and 63% yields, re¬ 
spectively (85EUP134165, 85FRP2548664). 

Decoquinat was prepared in 73% yield from diethyl 7V-(3-ethoxy-4-n- 
decyloxyphenyl)aminomethylenemalonate (771, R = decyl, R 1 = Et) in 
boiling xylene on the action of phosphorus pentoxide for 2 hr (76MIP1). 

l-Ethyl-4-chloroquinolinium iodide (777) was obtained by the treatment 
of 7V-(dimethoxyphenyI)aminomethylenemalonates (776) in boiling phos- 
phoryl chloride for 4 hr. The excess of phosphoryl chloride was then 
evaporated off under reduced pressure; the residue was dissolved in water, 
and excess sodium iodide was added to the aqueous filtrate to give the 
crystalline iodide (777) (79JHC1353). 



i. Poa 3 


2. H 2 0, Nal 


(776 ) 


R Cl R R 1 R 2 R 3 

R W^T C00Et H 0Me 0Me H 

j- H OMe H OMe 

r3 Et OMe H OMe H 

( 777) 


The cyclization of N-(3-substituted 4-ethylphenyl)aminomethylenema- 
lonates (757, R = 4-BrPhOCH 2 , octadecyloxy, R 1 = Et) in phosphoryl 
chloride at 100-130°C for 4 hr afforded 7-substituted 6-ethyl-4-chloro- 
quinoline-3-carboxylates (778, R = 4-BrPhOCH 2 , octadecyloxy) in 
94-98% yields (79EGP134225, 79EGP136742). 

The ring closure of N-[4-ethyl-3-(2-chlorophenoxy)methylphenyl]ami- 
nomethylenemalonate (757, R = 2-ClPhOCH,, R' = Et) in polyphosphate 
(prepared from phosphorus pentoxide and ethanol in xylene at 100°C) at 
150°C for 30 min afforded quinoline-3-carboxylate (759, R = 2-ClPhOCH 2 , 
R 1 = Et) in 74% yield (79EGP136742). 

A mixture of 3-(trifluoromethoxy)aniline and EMME was heated in 
diphenyl ether at 110°C for 1 hr, and then at 240°C for 3 hr, to give 7- 
(trifluoromethoxy)quinoline-3-carboxylate (759, R = CF 3 0, R 1 = H) in 
90% yield (74FRP2193822). 
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The thermal cyclization of 7V-(3-chloro-5-methoxyphenyI)aminomethy- 
lenemalonate (779) in boiling diphenyl ether for 20 min gave 7-chloro-5- 
methoxyquinoline-3-carboxylate (780) (47JA371). 



(778) (779) (780) 


7-Chloro-4-hydroxyquinoline was prepared in 91-93% yields in a one- 
step procedure, when N-(3-chlorophenyl)aminomethylenemalonate (250) 
was heated in boiling Dowtherm A for 0.5-2 hr, and the reaction mixture 
was then treated with water at the same temperature for 1-2 hr (73MIP2). 

The thermal ring closure of N-(3-chlorophenyl)aminomethylenemalo- 
namate(781,R = Cl) to quinoline-3-carboxamide (782, R = Cl) in 50-59% 
yields was carried out in boiling diphenyl ether (46JA1251, 46JA1253) in 
a higher dilution than for its diester derivative (250) (46JA1204). A similar 
reaction took place with phenylaminomethylenemalonate (781, R = H) 
(50JCS607). 



(783 ) (781) ( 782 ) 


The ring closure of N-(3-chlorophenyl)aminomethylenemalona- 
mate (781, R = Cl) and the 4-chloro derivative in boiling benzene on the 
action of phosphoryl chloride for 6-10 hr afforded the corresponding 4- 
(arylamino)quinoline-3-carboxylate (e.g., 783) in 57-65% yield 

(46JA1246). If the cyclization of 781 (R = Cl) was carried out in boiling 
xylene by the action of phosphorus pentoxide, compound 783 was obtained 
in only 21% yield. 

Ujhidy and co-workers studied the thermal ring closure of N-(3-chloro- 
phenyl)aminomethylenemalonate (250) to 7-chloro-4-hydroxyquinoline-3- 
carboxylate (759, R = Cl, R 1 = H) in Dowtherm A containing 5% or 10% 
of paraffin oil at 230°C, 235°C, 240°C, 245°C, 250°C, and 255°C in different 
reactors (a continuous tank reactor, a batch tank reactor, a cascade of 
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three members, a traditional rotary film apparatus, and a climbing film 
apparatus) (75ACH279,75MI1; 77MI2; 78MI4). They determined the reac¬ 
tion constants. The highest yield and the purest product were attained in 
the batch tank reactor. 

The ring closure of Af-(4-butyryl-3-methylphenyl)aminomethylenemalo- 
nate (757, R = Me, R 1 = PrCO) on heating in boiling diphenyl ether gave 
6-butyryl-7-methylquinoline-3-carboxylate (759, R = Me, R 1 = PrCO) 
(85CP1192554). 

The thermal cyclization of 4-fluoro-3-(l-pyrrolyI)phenylaminomethy- 
lenemalonate (757, R = 1-pyrrolyl, R 1 = F) in diphenyl ether at 250°C 
for 5 min gave 6-fluoro-7-(l-pyrrolyl)quinoline-3-carboxylate (759, R = 1- 
pyrrolyl, R 1 = F) in 55% yield (86FRP2574404). 

A/-Methyl-jV-(3-methoxyphenyl)aminomethylenemalonate was cyclized 
by heating in polyphosphoric acid at 100°C for 40 min to give l-methyl-7- 
methoxyquinoline-3-carboxylate (784) (86EUP172004). 

Rosoxacin was prepared in 47% yield by the cyclization of diethyl 
N-ethyl-N-[3-(4-pyridyl)phenyl]aminomethylenemalonate in polyphos¬ 
phoric acid at 165°C for 1 hr, followed by hydrolysis of the corresponding 
quinoline-3-carboxylate (85USP4533735). 



(784) 


The ring closure of AMsopropyl- or A/-cyclopropyl-A/-(substituted 
phenyDaminomethylenemalonates (785) in polyphosphoric acid at 100— 
110°C for 1 hr gave quinoline-3-carboxylates (786) in good yields 
(85JAP(K)28964, 85JAP(K)126271). 


™ B pp» 

»W"1 00B — 


R 1 ,(!h 
R 2 


R= F,ci; R'=H,F 
R = R = Me or -CH 2 CH 2 - 


On the cyclization of A/-(3-substituted phenyl)-AT-phenylaminomethy- 
lenemalonates (787) in a 2 : 1 mixture of acetic acid and concentrated 
sulfuric acid, 5-substituted l-phenylquinoline-3-carboxylates (788) were 
isolated (69BRP1147336). 
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(787 ) (788 ) 


The thermal cyclization of [(3-chloro-4-fluorophenyl)amino][4-methoxy- 
phenyl)methylthio]methylenemalonate (789, R = Cl, R 1 = 4-MeOC 6 H 4 ) 
in diphenyl ether at 250°C for 3 min gave 2-substituted quinoline-3-carbox- 
ylate (790, R = Cl, R 1 = 4-MeOC 6 H 4 ) in 66% yield (82EUP58392). 

The thermal cyclization of (methoxymethylthio)(3,4-difluorophenyl- 
amino)methylenemalonate (789, R = F, R 1 = MeOCH 2 ) by heating in di¬ 
phenyl ether at 240°C for 5-10 min yielded 6,7-difluoro-2-(methoxy- 
methy!thio)quinoline-3-carboxyIate (790, R = F, R 1 = MeOCH 2 
(87BRP2190376). 


R’S COOEt 



(789) 


R = Cl, R’= 4MeOC 6 H 4 
R = F, R 1 !MeOCH 2 



(790) 


Shah and Heeramaneck obtained isomeric mixtures of 5- and 7-substi- 
tuted 2-phenylquinoline-3-carboxylates (792 and 793) on the cyclization of 
phenyl-[(3-substituted phenyl)amino]methylenemalonates (791) in the melt 
at above 180°C (36JCS428). In the case of the methyl derivative (791, 
R = Me), two isomers (792 and 793, R = Me) were separated by crystalli¬ 
zation five times from ethyl acetate. 



(791) (792) (793) 


The thermal cyclization of bis(aminomethylenemalonates) (794 and 796) 
in boiling Dowtherm A for 30 min afforded bis(quinoline-3-carboxylates) 
(795 and 797) in moderate yields (80GEP2586908). 

The reaction of phenylaminomethylenemalonates (757) in triethyl phos- 
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EtOOC jjj) OH 
c=hchn"^' ; N)ch 2 CH 
. EtOOC J 2 

1794) 



(795) 




(797) 


phate at 220-225°C for 1 hr, followed by alkaline hydrolysis, gave 1-ethyl- 
4-oxo-l,4-dihydroquinoline-3-carboxylic acids (798) in good yields. The 
ring closure was accompanied by TV-ethylation (70MIP1; 77TL4545). 

o 

rL^A^COOH R=R'=H,EtO,-OCHjO- 
rAAn' R =EtO, R’i decylO 

Et 
(798) 

Bis(aminomethylenemalonate) (799, R = R 1 = H, R 2 = Me) was added 
to preheated paraffin oil at 245-260°C, and the reaction mixture was stirred 
at 250-255°C for 20 min to give 1,7-phenanthroline (800, R = R 1 = H, 
R 2 = Me) in 81% yield (83JHC681). 

l,7-Phenanthroline-3,9-dicarboxylates (800, R = R 1 = H, R 2 = H, Cl) 
were also obtained in good yields from bis(aminomethylenemalonates) 
779, R = R 1 = H,R 2 = H, Cl) by heating in boiling Dowtherm A, diphenyl 
ether (54JA1109; 84MI4), or mineral oil at 270-275°C (54JA1109). 

The thermal cyclization of Aw-phenylenediamine derivatives (799) 
by heating in diphenyl ether afforded angular l,7-phenanthroline-3,9- 
dicarboxylate (800), if a substituent was not present at position 2 of the 
phenyl ring of 799 (R = H), but the linear pyrido[3,2-g]quinolinecarbox- 
ylate (801, R = Me, R 1 = R 2 = H) was prepared from the 2-methyl- 
substituted derivative (799, R = Me, R 1 = R 2 = H) (72GEP2220294). 

Whereas the cyclization of bis(aminomethylenemalonate) (168, R = H) 
by heating in paraffin oil at 255°C was not successful, the cyclization did 
occur in boiling diphenyl ether to give the angular 4,7-phenanthroline-2,9- 
dicarboxylate (802) in 88% yield (49JCS1017). When the condensation and 
ring closure were carried out in a one-pot procedure, starting from p- 
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R’=R ? =-(CH,) t - 


phenylenediamine and EMME in diphenyl ether, the angularly fused tricy¬ 
cle (802) was prepared in 80% yield. 

3-Chloroaniline was reacted with diethyl acetylmalonate at room tem¬ 
perature in vacuo over anhydrous CaCl 2 for 10 days. The resulting cro- 
tonate (803) was cyclized in boiling diphenyl ether for 40 min to give 7- 
chloro-4-hydroxy-2-methylquinoline-3-carboxylate in 17% yield 
(73USP3755332). 

COOEt 

COOEt 


( 802 ) ( 803 ) 

The ring closure of (V-(3,4-poly methylenephenyl)aminomethy- 
lenemalonates (804) by heating in a high-boiling solvent gave linearly 
annelated cycloalkano[g]quinoline-3-carboxylates (805) (69SAP5212; 
70GEP1912944). 

Derivatives of A f -(2,3-dihydrobenzofuran-6-yl)aminomethylene- 
malonate (806) can be regarded as 7V-(3-alkoxyphenyl)aminomethy- 
lenemalonate derivatives, and those of A r -(2,3-dihydrobenzofuran-5- 
yl)aminomethylenemalonate (807, R = H) can be regarded as 
(V-(3-alkylphenyl)aminomethylenemalonates. Since the ratio of angular 
(5-substituted) and linear (7-substituted) products is more sensitive to the 
circumstances of cyclization in the case of 7V-(3-alkylphenyl)aminomethy- 
lenemalonate (i.e., 807, R = H) than for A r -(3-alkoxyphenyl)aminomethy- 
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,l l r Y s il 1 00Et _ 

\x^AnH-CH=C 

COOEt n = 0.1 

1804) 



1805) 




COOEt 


(806 ) 


(807) 


lenemalonate (i.e., 806, R = H) (see Table V), we may expect that a higher 
amount of angular tricyclic quinolines will be formed in the cyclization of 
compound 807 than in the case of compound 806. 

Cruickshank et al. reported that the thermal cyclization of 5-benzofuran- 
ylaminomethylenemalonate (808) in boiling diphenyl ether for 30 min gave 
a 10:1 mixture of the linearly and angularly fused tricycles (809 and 810) 
in 75% yield, while in the case of 6-benzofuranylaminomethylenemalonate 
(811), only formation of the linear product (812) could be detected 
(70JMC1110). 



On the thermal cyclization of compound (806) in boiling Dowtherm A 
for 30 min, only the linear product (813) was obtained in 59% and 67% 
yields (75GEP2416519; 77MI4). In these cases, however, the product was 
not investigated by the use of thin-layer chromatography (TLC) or NMR. 

Albrecht reported that the thermal ring closure of the isomeric 5-benzo- 
furanylaminomethylenemalonate (807, R = H) in boiling Dowtherm A for 
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20 min afforded a 4: I mixture of the linear and angular products (814, 
R = Et and 815, R = H. R 1 = Et) in 49% yield (72LA55). If an additional 
methoxy group was present at position 7 of compound 807 (R = OMe), 
then the influence of the methoxy group was stronger, and furo[3,2-/]quin- 
oline-8-carboxylate (815, R = OMe, R 1 = Et) was the only product, in 
86% yield. 



(813) (8K) (815) 


When the cyclization of compound 807 (R = H) was carried out in 
boiling phosphoryl chloride, the isomeric chloro derivatives (816 and 817) 
were obtained in 98% yield. They were separated by the use of column 
chromatography, in which the linear product (816) was prepared in 50% 
yield, and the angular product (817) was prepared in 27% yield 
(74GEP2335760). Earlier, 31%offuro[2,3-j?]quinolinecarboxylicacid (814, 
R = H) and 7% of furo[3,2-/|quinolinecarboxylic acid (815, R = R 1 = H) 
were isolated from the cyclization of compound 807 (R = H) in phosphoryl 
chloride and after hydrolysis of the reaction product with hydrochloric 
acid (71GEP2030899). 



(816) (817) 


On the thermal cyclization of benzofuranylaminomethylenemalonate 
(818, R = R 1 = H) in boiling Dowtherm A for 20 min, the isomeric 
furo[3,4-#]-and furo[3,4-/]quinolinecarboxylates (819, R = R 1 = H, and 
820) were isolated in 49% and 15% yields, respectively (71GEP2030899). 
Under similar conditions, the dioxo derivative (818, R = R 1 = O) afforded 
only the linear product (819, R = R 1 = O) in 52% yield (71GEP2030899). 



(818) 


(819) 


(820) 
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The thermal cyclization of N-( 1,3-dioxoisoindol-5-yl)aminomethylene- 
malonate (821) in boiling Dowtherm A gave pyrrolo[3,4-g]quinoline-3- 
carboxylate (822) (87MI1). 



( 821 ) (822) 

The thermal ring closure of 6- and 7-chromanylaminomethylenemalo- 
nates (823 and 825 ) in Dowtherm A at 240°C for 15 min gave only lin¬ 
ear products (824 and 826 ) in 78% and 70% yields, respectively 
(70GEP1936393; 72BRP1283900). 



(825) (826) 


The cyclization of N-( 1,3-benzodioxan-6-yl)aminomethylenemalonates 
( 827 , R 2 = H) in boiling phosphoryl chloride for 6-18 hr afforded angular 7- 
chloro-l,3-dioxino[5,4-/]quinoline-9-carboxylates ( 829 ) in 25-85% yields 
(72GEP2139212, 72MI4). Earlier, the reaction product of compound 827 
(R = R 1 = R 2 = H) was incorrectly given as the linearly anelated tricy¬ 
cle 828 (R = R 2 = H) (70GEP1936393; 72BRP1283900). 9-Chloro-l,3- 
dioxino[4,5-g]quinoline-8-carboxylates ( 828 , R 2 = Me) were obtained un- 



(828) 


(827) 


(829) 
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der similar conditions, only if R 2 + H, in 50-62% yields [72CR(D)1583, 
72GEP2139212, 72MI5]. 

At the same time, the ring closure of N-(l,3-benzodioxan-7-yl)amino- 
methylenemalonate (830, R = H) in boiling phosphoryl chloride for 12 hr 
gave a mixture of l,3-dioxino[4,5-g]quinoline (831) and l,3-dioxino[4,5- 
/Iquinoline (832, R = H), with an excess of the linear product (831) 
(72MI5). Starting from the methyl derivative of compound 830 (R = Me), 
the angular product (832, R = Me) was prepared in 40% yield (72MI4). 



(830) (831) (832) 


7-(2,2,2-Trifluoroethyl)-l,3-dioxino[5,4-/]quinoline-9-carboxylic acid 
(834) was obtained by the cyclization of N-(2,2,2-trifluoroethyl)-N-(l,3- 
benzodioxan-6-yl)aminomethylenemalonate (833) in boiling phosphoryl 
chloride [77JAP(K) 142098]. 

N-(3,4-Methylenedioxyphenyl)aminomethylenemalonate (258) was cy- 
clized by heating in Dowtherm A at 254-257°C [76JAP(K)86497] or in 
polyphosphate at 110-120°Cfor 1 hr[72JCS(Pl)173]togive l,3-dioxino[g]- 
quinolinecarboxylate (835, R = OH) in 87% yield. The linear tricylic com¬ 
pound (835), R = OH) was obtained in 68% yield in polyphosphate at 
110-120°Cfor 1 hr [72JCS(P1)173] in 95% yield on the action of polyphos¬ 
phate in xylene at 138°C for 2 hr (73GEP2227743) or in 97% yield, in the 
absence of a solvent, in polyphosphate at 90-100°C for 2 hr (76JAP86497). 
The ring closure of JV-(3,4-methylenedioxyphenyl)aminomethylene- 
malonate (258) in phosporyl chloride at 95-100°C for 4 hr afforded chloro- 

1.3- dioxino[g]quinolinecarboxylate (835, R = Cl) in 97% yield 
[71GEP2033971, 71JHC357; 76JAP(K) 18440], The l4 C-labeled N-(3,4- 
methylenedioxyphenyl)aminomethylenemalonate (258) gave l4 C-labeled 

1.3- dioxino[g] quinoline-carboxylate (835, R = Cl) (label in position 7), in 
82% yield on the action of phosphoryl chloride in boiling toluene for 8 hr 
(74MI2). 


n .ch=c - 


1. P0C( 3 

2. HCl 




R=0H,CI 

(835) 
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The chloro derivative (835, R = Cl) was also prepared in good yield on 
the action of phosphoryl chloride in the presence of a catalytic amount of 
polyphosphoric acid (70MIP2; 77TL4545). 

Okumura et al. studied the ring closure of JV-ethyl-./V-(3,4-methylenedi- 
oxyphenyl)aminomethylenemalonate (286) in polyphosphoric acid and 
polyphosphate, which gave the linear tricycle (755). The cyclization gave 
a better yield in polyphosphate than in polyphosphoric acid. Compound 
755 was obtained in 78% yield in polyphosphate at 110-120°C for 1 hr, 
but in only 64% yield in polyphosphoric acid at 120-130°C for 30 min 
[72JCS(P1)173], 

The cyclization of compound 258 in triethyl phosphate at 220°C for 
20-30 min in the presence of potassium carbonate, followed by alkaline 
hydrolysis at 90°C for 1 hr, gave oxolinic acid in 75% yield (70MIP1; 
77TL4545). Oxolinic acid was also prepared by reacting 3,4-methylenedi- 
oxyaniline and EMME with triethyl phosphate under the previous condi¬ 
tions. 

The cyclization of N-(2,2,2-trifluoroethyl)-N-(3,4-methylenedioxyphe- 
nyDaminomethylenemalonate (836, R = CF 3 ) proceeded smoothly in 
polyphosphoric acid at 115-120°C for 25 min to give (2,2,2-trifluoroethyl)- 
l,3-dioxino[g]quinoline carboxylate (837) (76GEP2534869; 78USP- 
4086236). 

The cyclization of A[-(3,4-methylenedioxyphenyl)aminomethylene- 
malonate (258) was carried out under acidic conditions by others also 
(76MIP4). 

The cyclization of jV-benzyl-)V-(3,4-methylenedioxyphenyl)amino- 
methylenemalonate (836, R = Ph) in refluxing phosphoryl chloride for 7 
hr afforded 5-benzyl-8-chloro-l,3-dioxino[g]quinolinium iodide (838) in 
67% yield (71JHC357). 




k rF R=cf 3 


COOEt y p 0Cl 



( 838) 


The ring closure of JV-ethyl-./V-(3,4-alkylenedioxyphenylamino)methy- 
lenemalonates (839) in polyphosphoric acid at 120-130°C for 30 min af¬ 
forded linearly fused tricyclic pyridine-3-carboxylates (840) in over 90% 
yields (73JAP6479). 

A[-(l,4-Benzodioxan-6-yl)aminomethylenemalonate (841, R = H, 
n = 1) and a homologue (841, R = H, n = 2) were cyclized to 1,4- 
dioxino[2,3-g]quinolinecarboxylate and its homologue (842, R - H, 
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n - 1,2) in good yields by heating in Dowtherm A at 240-150°C for 10-40 
min (69FRP2002888; 69GEP1814187, 70GEP1936393; 72BRP1283900; 
73GEP2303496; 75KGS1663; 76JMC982). The linearly anelated product 
(842, R = EtOCH 2 , n = 1) was also obtained when the ring closure of 
compound 841 (R = EtOCH 2 , n = 1) was carried out by the action of 
polyphosphate, prepared from ethanol and phosphorus pentoxide, in boil¬ 
ing xylene for 30 min. In the latter case, when the cyclization was per¬ 
formed in boiling phosphoryl chloride in the presence of a small amount 
of triethylamine, 9-chloro-l,4-dioxino[2,3-g]quinoline-8-carboxylate (843, 
R = CH 2 OEt) was prepared (73GEP2303496). 



1841 ) 


N-(l,4-Benzodioxan-6-yl)aminomethylenemalonate (841, R = H, 
n = 1) gave the chloro derivative 843) (R = H) in phosphoryl chloride at 
100°C for 2 hr (69GEP1814187). 

The cyclization of N-(l,4-benzodioxan-6-yl)aminomethylenemalonates 
(844) in boiling phosphoryl chloride for 18 hr afforded a mixture of linear 
and angular isomeric tricycles (845 and 846) in excellent yield (81JOC3846). 



(844) (845) (846) 


R = H 70 % 30 % 

R = Cl 80% 20% 

The thermal cyclization of Ar-(2,3-dihydrobenzo[6]thien-6-yl)amino- 
methylenemalonates (847, n = 0,2) by heating in boiling Dowtherm A for 
35 min and 4 hr gave a roughly 1: 1 mixture of thieno[3,2-g]quinoline- 
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6-carboxylates (848, n = 0,2) and thieno[2,3-/]quinoline-8-carboxylates 
(849, n = 0,2) in 54% and 83% yields, respectively, while nearly a 4:6 
mixture of 848 (n = 2) and 849 (n = 2) was obtained in 26%, following 
heating in refluxing nitrobenzene for 3 hr (88AP241). Ring closure in 
polyphosphate at 110-130°C for 2 hr afforded a nearly 1 : 1 mixture of 848 
(n = 2) and 849 ( n = 2) in 19% yield or a roughly 6:4 mixture of 848 
(n = 0) and 849 ( n = 0) in 45% yield. 



(0)„ COOEt [°)n 


(847) n = 0,2 (848) (849) 

The thermal ring closure of 5-indolinylaminomethylenemalonate (850) 
by heating in Dowtherm A at reflux temperature for 20 min afforded the 
linear pyrrolo[2,3-g]quinolinecarboxylate (851) in 33% yield (77MI4). 

The ring closure of N-( 1,2-benzisothiazol-5-yl)aminomethylenemalo- 
nate 1 , 1 -dioxide (852) by heating in diphenyl ether at 250°C gave the linear 
isothiazolo[5,4-g]quinolinecarboxylate (853) [74JAP(K)75596]. 



5852) (853) 


A mixture of linear and angular thiazoloquinolinecarboxylates (855 
and 856, R = OH, Cl and X = O) was obtained on the cyclization of 6- 
benzothiazolyl)aminomethylenemalonate (854, R 1 = Me and X = O), ei¬ 
ther in boiling Dowtherm A or in boiling phosphoryl chloride 
[75 J AP(K)46698]. 

A 1: 1 mixture of linear and angular thiazoloquinolinecarboxylates (855 
and 856, R = OH, X = O) in 78-86% yields was obtained by the thermal 
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cyclization of 6-benzothiazolylaminomethylenemalonates (854, R 1 = Me, 
Et, Pr, X = O) (76CPB1050). 

The ring closure of a thio derivative (854, R 1 = Me, X = S) in boiling 
Dowtherm A gave a 1 :4 mixture of thiazolo[4,5-g]quinoline-6-carboxylate 
(855, R = OH; R 1 = Me; X = S) and thiazolo[5,4-/]quinoline-8-carboxy- 
late (856, R = OH, R 1 = Me; X = S) in 95% yield (76CPB1050). 


R 1 X = 
(854) 


COOEt 
-NHCH=C - 


r nnFl . Dowtherm A X=^ 

P0C1 3 : 

5 R = 0H 

R = Cl 


, Vs 


5-Benzimidazolylaminomethylenamalonates (857, R 2 = H) were ther¬ 
mally cyclized at 240-245°C for 30 min to give imidazo[4,5-g]quinolinecar- 
boxylates (858) [78JAP(K)50197]. 

When heated in polyphosphate at 130°C, )V-(6-fluoro-5-benzimid- 
azolyl)aminomethylenemalonate (857, R = R 1 = Me, R 2 = F) gave the 
angular imidazo[4,5-/]quinolinecarboxylate (859) in 39% yield [79JAP(K)- 
144398]. 



( 858) 


R' 



R COOEt 


( 857 ) 


Vn^OH 
Me-N. X X 



, COOEt 


The thermal ring closure of A-(l,3-benzodithiol-5-yl)aminomethylene- 
malonate (860) in Dowtherm A at 253-258°C led to a 7.3 : 1 mixture of 1,3- 
dithiolo[4,5-g]quinolinecarboxylate (861) and 1,3-dithiolo[4,5-/]quinoli- 
necarboxylate (862) in 81% yield (86M1339). The cyclization of diethyl N- 
(3,4-dimethylthiophenyl)aminomethylenemalonate under similar condi¬ 
tions afforded only ethyl 6,7-dimethylthio-4-hydroxyquinoline-3-carbox- 
ylate. 


< s -rj^l COOEt 
VV^NHCHrC 

COOEt 




(861 ) 


( 862 ) 
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N-( 1 ,4-Benzoxazin-7-yl)aminomethylenemalonate (863) was cyclized to 
the linear pyrido[3,2-g]-l,4-benzoxazinecarboxylate (864) in 75% yield by 
heating in Dowtherm A at 250°C for 10 min [78JAP(K)28196], 



COOEt 

(863) (864) 


The ring closure of N-( 1,4-benzoxazin-6-yl)aminomethylenemalonates 
(80) in boiling diphenyl ether for 30 min gave mixtures of isomeric 1,4- 
oxazino[2,3-g]quinoline-8-carboxylates (865) and l,4-oxazino[3,2-/]quin- 
oline-6-carboxylates (866) in good yields, with an excess of the linearly 
anelated ring systems (865) [88IJC(B)649]. 



(86S) R = H.R’=Et (865 ) 


The ring closure of N-( 1,4-benzothiazin-6- and -7-yl)aminomethylene- 
malonates (867 and 870) by heating in diphenyl ether at 250-270°C for 30 
min gave mixtures of angular 1,4-thiazinoquinolinecarboxyIates (868 and 
871) and linear 1,4-thiazinoquinolinecarboxylates (869 and 872), with a 
predominance of the angular isomers (84MI6). 



(870) 


(871) 


( 872 ) 
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The cyclization of 2-fluorenylaminomethylenemalonates (873) by heat¬ 
ing in diphenyl ether at 245°C afforded indeno[2,l-/]quinoline-2-carboxy- 
lates (874) in over 95% yield (51JA1844). 

2-Phenothiazinylaminomethylenemalonate (875) was heated in diphenyl 
ether for 1 hr at 270°C to give the linear pyrido[2,3-6]phenothiazinecarbox- 
ylate (876) in 79% yield (79JAP(K)30198). 



COOEt Me 

(87S) (876) 


The thermal cyclization of A r -(thiazolo[4,3,2-de]quinoxalin-8-yl)amino- 
methylenemalonate (877) by heating in Dowtherm A at 245°C for 10 min 
afforded the tetracyclic compound (878) in 78% yield [78JAP(K)28196]. 

N-( 5- and 7-oxocycloheptatrien-l-yl)aminomethylenemalonates (45 and 
880) were cyclized by heating in boiling diphenyl for 8-40 min to give 7- and 
9-oxocyclohepta[6]pyridines (879 and 881) in good yields (83USP4381304, 



(877) ( 878 ) (879 ) 

83USP4382088). On the cyclization of N-(7-oxocycloheptatrien-l-yl)- 
aminomethylenemalonate (880, R = H), cyclohepta[6]pyrrole-3-carbox- 
ylate (882) was isolated as a byproduct (83USP4381304). 

The thermal cyclization of 2- and 3-thienylaminomethylenemalonates 
(883) in boiling Dowtherm A or in boiling diphenyl ether for 0.25-1.5 hr 
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gave thieno[2,3-6]pyridines (884) (77HJC807 ; 78BEP858479] and 
thieno[3,2-fc]pyridines (885) [77JHC807 ; 78BEP858479, 78MI3; 82 
JCR(M)4701, 82JCR(S)158; 87T3295; 88EUP269295] in 60-84% yields. 


R ^5-NHCH=C —- 

S iooEt 


R = H,2-Me, 3-Me 
2-Ph, 3 -OEt 


During the heating of (V-(2-carboxy-3-thienyl)aminomethylenemaIo- 
nates (886, R = H, Ph) in boiling diphenyl ether (88EUP269295) or in 
polyphosphate [78JCR(M)4701, 78JCR(S)393], the ring closure was ac¬ 
companied by decarboxylation to thieno[3,2-fc]pyridines (885, R = H, 
2-Ph). 

3-Thienylaminomethylenemalonates (887) were cyclized by heating in 
polyphosphate at 120°C for 2.5 hr to give thieno[3,2-6]pyridines (888) 
[82JAP(K)116077]. 



R = H,Ph 


(886) (6B7 ) ( B88) 


3-Thienylaminomethylenemalonates (58, R = H, Cl) were heated in 
boiling phosphoryl chloride for 18 hr to afford 7-chlorothieno[3,2-6]pyrid- 
ine-6-carboxylates (889, R = H, Cl) in moderate yields (84EUP126970). 

Dichlorothieno[3,2-/j]pyridine-6-carboxylate (889, R = Cl) was ob¬ 
tained in 65% yield (82EUP46990) when )V-(5-bromo-3-thienyl)amino- 
methylenemalonate (58, R = Br) was heated in phosphoryl chloride at 
110°C for 3-5 hr. During preparation, the reaction mixture was allowed to 
cool and was then saturated with hydrogen chloride gas; the temperature 
of the reaction mixture was again raised to 105-110°C and was stirred for 
50 hr at this temperature. 
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The cyclization of (58, R = Br) in phosphoryl chloride at 110°C for 4 hr 
afforded a 2:3 mixture of 2,7-dichloro- and 2-bromo-7-chlorothieno 
[3,2-/>]pyridine-6-carboxylates (889, R = Cl and Br) in 82% yield 
(82EUP46990). 

A 1 : 1 mixture of 7V-(dihydro-3-thienyl)aminomethylenemalonates (279 
and 280) was heated in Dowtherm A at 250°C for 2 hr to give thieno 
[3,2-/>]pyridine-6-carboxylate (890) (87USP4647566). 



(889) ( 090) 


AK2-Alkoxycarbonyl-3-thienyl)aminomethylenemalonates (891) were 
stable even under drastic thermal conditions, but were smoothly cyclized 
in polyphosphate at 130°C to give thieno[3,4-Z>]pyridine-3,6-dicarboxylates 
(892) [80JCR(S)4], 



R=Me,Et R00C 

(891) (892) 


The cyclization of 3-pyrrolylaminomethylenemalonates (893, R 1 = H) 
was carried out in boiling Dowtherm A for 30-40 min under argon to give 
pyrrolo[3,2-6]pyridine-6-carboxylates (894) in 75-87% yields (85JHC83). 

N-Methyl-N-(3-pyrrolyl)aminomethylenemalonates (893, R' = Me) 
were cyclized by heating in polyphosphate at 95-100°C for 1.5-2.5 hr to 
afford pyrrolo[3,2-b]pyridine-6-carboxylates (895) in 50-72% yields 
(85JHC83). 



R n Me, CHjPh 

(894) (893 ) (895) 

The cyclization of N-(2-phenyl-5-methylpyrrol-3-yl)aminomethylene- 
malonates (896, R = R 2 = H) in polyphosphate at 100-110°C for 1. 5-2.0 
hr gave pyrrolo[3,4-b]pyridine-6-carboxylates (897, R = H) in 70-90% 
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yields. Pyrrolo[3,4-6]pyridinecarboxylate (897, R = R 1 = Me) was ob¬ 
tained in 94% yield by cyclization of the 4-carboxylic acid derivative (896, 
R = R 1 = Me; R 2 = COOH) under similar conditions (85JHC729). 



(896) (897! 


The ring closure of N-(5-unsubstituted pyrazol-4-yl)aminomethylenema- 
lonates (898) in boiling Dowtherm A for 15 min gave l//-pyrazolo[4,3- 
6]pyridine-6-carboxylates (899) in 56-88% yields [76JCS(P1)507; 
77JAP(K)77086], but N-( 1,5-dimethylpyrazol-4-yl)aminomethylenemalo- 
nate (900) afforded 2//-pyrazolo[4,3-6]pyridine-6-carboxylate (901) in 65% 
yield under similar conditions [76JCS(P 1)507]. 



(900) (901) 


Earlier, it was stated that the cyclization of /V-(2-chloro-4-pyridyl) 
aminomethylenemalonate (902, R = Cl) in diphenyl ether at 250-255°C 
for 6 min gave 7-chloro-l,6-naphthyridine-3-carboxylate (903, R = Cl) 
(74GEP2362553), but it was later demonstrated that a roughly 3 :1 mixture 
of isomeric 7- and 5-chloro-l ,6-naphthyridine-3-carboxylates (903 and 904, 
R = Cl) was formed in 57% yield (82CPB2399). 

The cyclization of /V-(2-methyl-4-pyridyl)aminomethylenemalonate 
(902) in boiling Dowtherm A afforded a 1:2 mixture of isomeric 7- and 5- 
methyl-l,6-naphthyridine-3-carboxylates (903 and 904, R = Me) in 53% 
yield (65USP3225055). 
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R = Cl.Me 

(902 ) (903 ) (904) 


4. Cyclization of 

2-Naphthylaminomethylenemalonates 
and Related Ring Systems 

In the case of 2-naphthylaminomethylenemalonates (905) and related ring 
systems in which an aromatic moiety is condensed to the benzene ring, 
linearly and angularly fused isomers may form (Scheme 44). Ring closure 
in position 1 leads to the angular product (906), while in position 3 it gives 
the linear isomer (907). According to Clark’s theorem (72MU) and its 
extension to heterocyclic analogues (84JOC3199), it can be expected that 
formation of the angularly fused isomer is favored over the linearly fused 
one because of the higher aromatic stabilization of the former. 

The cyclization of 2-naphthylaminomethylenemalonates (905) in a high- 
boiling solvent (diphenyl ether, Dowtherm A, mineral oil) at 250°C gave the 
angular isomer (906) in good yields (39JA2890; 46JA1327; 67USP3324003, 
67USP3224135). 

Heeramaneck and Shah obtained 3-phenylbenzo[/|quinoline-2-carbox- 
ylate (908) in good yield on the ring closure of diethyl phenyl(2-naphthyla- 
mino)methylenemalonate by heating in the melt at 185-195°C (37JCS867). 

The ring closure of /V-ethyl-A-(2-naphthyl)-aminomethylenemalonate 
by treatment with an equal amount of phosphorus pentoxide at 130°C 


COOEt 



(906 ) (907) 


Scheme 44 
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afforded benzo(/)quinoline-2-carboxylic acid (909) in 41% yield after the 
work-up process. An exothermic reaction occurred, and the temperature 
rose to about 190°C. A better yield (76%) was achieved when the reaction 
was carried out in nitrobenzene (72HCA1319). 

The cyclization of 2-anthranylaminomethylenemalonate by heating in 
diphenyl ether gave naphtho[2,l-/]quinolinecarboxylate (910) in 96% yield 
(62MI2). 



Et 


(908) (909) (910) 

On the cyclization of 2-naphthoquinonylaminomethylenemalonate (911) 
in boiling diphenyl ether, an insoluble product was obtained (59MI2). 

3-Naphthostyrilylaminomethylenemalonate (912) was heated at 250°C to 
give a tetracyclic compound (913) in almost quantitative yield (39JA2890). 



(911) (912) (913) 


Pyrano[3,2-/]quinoline-9-carboxylate (915) was obtained in 93% yield 
by the thermal cyclization of 6-coumarinylaminomethylenemalonate (914) 
in boiling Dowtherm A for 10 min (67USP3313818). 


COOEt 

nhch=c: 

ioOEt 



(9K) 


( 915 ) 


The ring closure of 6-quinolylaminomethylenemalonates (916) by heat¬ 
ing in mineral oil at 250-260°C for 15 min gave 4,7-phenanthrolinecarboxyl- 
ate (917) in good yield (49JCS1017). 

The cyclization of A/-(8-subsituted 7-quinolyl)aminomethylenemalo- 
nates (918, R = H, Et) in boiling Dowtherm A (R = H 1 ) for 1 hr or in 
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polyphosphate (R 1 = Et) at 130°C for 3 hr under nitrogen afforded linear 
pyrido[3,2-g]quinoline-3-carboxylates (919) (88M761). 



R R = H, Cl 

1916) (917) 


Diethyl 7-isoquinolinylaminomethylenemalonate was cyclized by heat¬ 
ing in boiling ether for 20 min to yield the angular 2,7-phenanthrolinecar- 
boxylate (920) (81EUP27904). 



(918) ( 919 ) ( 920 ) 


The thermal cyclization of 3-acridinylaminomethylenemalonates (921) 
by heating in diphenyl ether at 260-270°C for 20 min afforded pyrido[2, 
3-c]acridine-2-carboxylates (922) in good yields [77JAP(K)3099, 77USP 
4060527], 

Diethyl 6-quinoxalylaminomethylenemalonate (923) was cyclized by 
heating in diphenyl ether at 260-280°Cfor 1 hr to give pyrido[3,2-/]quinoxa- 
line-9-carboxylate (924) in 90% yield [78JAP(K) 147095; 79GEP2833018], 


R 1 



( 921 ) (922) 



(923) 


( 924 ) 
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The thermal cyclization of 5-benzofuranylaminomethylenemalonates 
(925) in boiling Dowtherm A afforded angular furo[3,2-/]quinolinecarbox- 
ylates (926) in good yields (70GEP2021100; 78BRP1240446). Earlier, the 
structure of the products was incorrectly given as 927 (69GEP1908542). 

The 6-benzofuranylaminomethylenemalonate (928) can be regarded as 
both a /ne/a-alkoxy-substituted and an aromatic ring condensed phenyla- 
mine derivative. On thermal ring closure in boiling Dowtherm A for 30 
min, a 1:1 mixture of furo[3,2-g]quinoline-6-carboxylate (929) and furo 
[2,3-/]quinoline-8-carboxylate (930) was obtained in 70-80% yield 
(70GEP2021100; 71BRP1240446), indicating that both the alkoxy substi- 
tutent and the aromatic moiety exerted an influence. 



R = H. Me ,C00Et 

( 925 ) ( 926) ( 927) 



(928) (929 ) (930) 


5-Benzfuranyl-, 5-benzothienyl-, and 5-indolylaminomethylenemalo- 
nates(931, X = O, S, NH) gave the corresponding angular tricyclic quino- 
linecarboxylates (932, X = O, S, NH) in good yields when heated in 
Dowtherm A (72LA55). 



(931) X = 0, S , NH (932) 


5-Indolylaminomethylenemalonates (933) were cyclized by heating 
in boiling diphenyl ether for 20-40 min to give the angular pyrrolo[3,2-/] 
quinolinecarboxylates (934) in 56-68% yields (79KGS1084; 84MI2). 

The cyclization of diethyl A-(benzo[i]thien-6-yl)aminomethylenemalo- 
nate yielded the angular thieno[2,3-/]quinolinecarboxylate (935) (88MI5). 
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( 935) 


6-Indolylaminomethylenemalonate (936) was heated in boiling di¬ 
phenyl ether for 20-40 min to give pyrrolo[2,3-/]quinolinecarboxylate 

(937) in 70% yield (79KGS1084). 


Me 



(936 ) ( 937 ) 

Kulka and Manske cyclized 3-carbazolylaminomethylenemalonates 

(938) in boiling diphenyl ether. They did not decide whether the angular 

(939) or the linear tetracycles (940) were formed (52JOC1501). 



(939) (940) 


Later, Corelli et al. reported that the thermal cyclization of 3-carbazol- 
ylaminomethylenemalonates (941) by heating in boiling diphenyl ether 
for 1 hr afforded the angular pyrido[2,3-c]carbazolecarboxylates (942) in 
67-80% yields (87FES641). 

If position 4 of the carbazole moiety was substituted, then the linear 
pyrido[3,2-6]carbazole-3-carboxylate (944) was obtained in 60% yield in 
boiling diphenyl ether. The sublimation of compound 943 in vacuo at 250°C 
gave 4-ethoxypyrido[3,2-6]carbazole (945) in 33% yield (87CPB425). 
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The cyclization of )V-(2,l-benzisothiazol-5-yl)aminomethylenemalo- 
nates (946) by heating in diphenyl ether at 250°C for 30 min afforded 
the angular isothiazolo[4,3-/]quinolinecarboxylates (947) in good yields 
[73JAP(K)61500; 74JAP(K)18893; 75JAP(K)84596]. 



1946 ) ' (947) 


The thermal ring closure of 5-indazolylaminomethylenemalonates (948) 
in Gilotherm at 255°C for 10 min (78GEP2822124) or in diphenyl ether at 
250-255°C for 40 min [78YZ1063; 79JAP(K)32496; 80MI3] gave pyr- 
azolo[4,3-/]quinolinecarboxylates (949) in 40-90% yields. 

The ring closure of 5-indazolylaminomethylenemalonate (948, R = H) 
in a 6: 5 mixture of polyphosphoric acid and phosphoryl chloride for 4 hr 
afforded 9-chloropyrazolo[4,3-/lquinoline-8-carboxylate (950) in 97% yield 
[78YZ1063, 79JAP(K)32496], 
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COOEt 



( 949 ) (950 ) 


3-Acetyl-9-hydroxypyrazolo[4,3-/]quinoline-8-carboxylate (949, R = 
Ac) was obtained in 64% and 77% yields on the cyclization of both N-( 1- 
acetyl- and 2-acetyl-5-indazolyl)aminomethylenemalonates (948, R = Ac 
and 951) by heating in diphenyl ether at 250-260°C for 35 min and 45 min, 
respectively [78YZ1063; 79JAP(K)32496], 

The cyclization of 6-indazolylaminomethylenemalonates (952 and 954) 
by heating in diphenyl ether or in Gilotherm at 250-270°C gave the angular 
pyrazolo[3,4-/]quinolinecarboxylates (953 and 955) in 41-90% yields 
[77JHC1175; 78GEP2822124, 78JAP(K)119895, 78JAP(K) 124299, 78YZ 
1158; 79USP4160093; 80MI3; 84MI2], 

When a bulky substituent was present in position 1 of the indazole 
moiety (e.g., 952, R = CPh 3 ), the linear pyrazolo[4,3-g]quinoline-6-car- 
boxylate (956) was obtained in 85% yield on thermal cyclization in diphenyl 
ether at 255-260°C for 40 min [78YZ1158; 79JAP(K)84596], The angular 
isomeric pyrazolo[3,4-/]quinolinecarboxylate (953, R = CPh 3 ) did not 
form, probably because of steric reasons (78YZ1158). The cyclization of 
A-(2-trityl-6-indazolyl)aminomethylenemalonate (954, R = CPh 3 ) under 
similar conditions afforded the angular pyrazolo[3,4-/]quinolinecarbox- 
ylate (955, R = CPh 3 ) in 44% yield (78YZ1158). 


COOEt 

^ ^NHCH=C 

COOEt 


( 951 ) 




COOEt _ 

•NHCH=C 

iooEt 

1 952 ) R = H,Me,Et,CHjPh 


N—NR OH 

xxy 0 *' 


r=f^l cooEt 
RN^\^ NHCH= c 


COOEt 

R =Me ,Et,CH 2 Ph 



(954 ) 


<955 ) 


(956 ) 
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The cyclization of N-( 1- and 2-trityl-6-indazolyl)aminomethylenemalo- 
nates (952 and 954, R = CPh 3 ) on the action of a mixture of polyphosphoric 
acid and phosphoryl chloride for 2 hr gave the angular pyrazolo[3,4-/] 
quinolinecarboxylate (953, R = H) in 66% and 63% yields, respectively 
(78YZ1158). 

Pyrazolo[3,4-/]quinolinecarboxylate(953, R = H) was also prepared in 
67% yield by cyclization of the 1-acetyl derivative of 6-indazolylamino- 
methylenemalonate (952, R = Ac) in diphenyl ether at 255-260°C for 
0.5 hr (78YZ1158). It was also prepared in 73% yield in a 1 :3.6 mixture 
of polyphosphoric acid and phosphoryl chloride at 100°C for 4 hr 
[77JHC1175; 78JAP(K)124299]. 

yV-(7-Nitro-6-indazolyl)aminomethylenemalonate could not be cyclized 
by heating in Gilotherm at 250-255°C (80MI3). 

6-Aminoindazole and its 1-benzyl derivative were reacted with EMME 
in Dowtherm A at 235-245°C for 4.0-6.5 hr to give pyrazolo[3,4-/]quino- 
lines (953, R = H, CH 2 Ph) in 38% and 50% yields, respectively 
(83JHC1351). 

The reaction of 6-(ethylamino)indazole and EMME in Dowtherm A at 
255°C for 2 hr gave only 2% of 6-ethylpyrazolo[3,4-/]quinoline-8-carboxyl- 
ate (957) (83JHC1351). 

Cyclization of 6-benzoxazolylaminomethylenemalonate (958) by heating 
in diphenyl ether at 250°C for 1.5 hr afforded the angular oxazolo[5, 
4-/]quinolinecarboxylate (959) [74JAP(K)72297]. 



(9S7 ) ( 958 ) ( 959 ) 


5-Benzothiazolylaminomethylenemalonates (960, R 1 = H) were heated 
in boiling diphenyl ether or in boiling Dowtherm A, to give angular thi- 
azolo[4,5-/]quinolinecarboxylales (961, R 1 = H) in 58-93% yields 
[71GEP2056224, 71GEP2119396; 74JAP(K)88882]. 


>=N 0 

COOEt S^skA^COOEt 

* 1 ® _ 

( 960) R=H,Me,EtO,HS.MeS,Cl (961) 



Sec. A.4] CYCLIZATION OF 1-AMINOALKYLIDENEMALONATES 


209 


The cyclization of N-ethyl-N-(5-benzothiazolyl)aminomethylenemal- 
onate (960, R = SMe, R 1 = Et) by heating in polyphosphate at 120°C 
for 15-30 min gave thiazolo[4,5-/]quinolinecarboxylate (961, R = SMe, 
R 1 = Et) in 48-63% yields [75JAP(K)52094; 76CPB130], 

When position 4 of the 5-benzothiazole moiety (e.g., 962) was substi¬ 
tuted, thermal cyclization in refluxing Dowtherm A for 10-15 min led to 
the linear thiazolo[5,4-g]quinolinecarboxylate (963) in 81% yield 
[77JAP(K)125196; 79CPB1], 


OH 



(962) 1963 ) 


The thermal cyclization of 6-benzothiazolylaminomethylenemalonates 
(964, R 1 = H) by heating in Dowtherm A at 250-260°C for 13-40 min 
afforded the angular thiazolo[5,4-/]quinolinecarboxylates (965, R 2 = OH) 
in 59-98% yields (75GEP2449544: 76CPB130). If the heterocyclic ring of 
6-benzothiazolylaminomethylenemalonate (e.g., 854) was not aromatic, 
the angularthiazolo[5,4-/]quinolinecarboxylates (e.g., 856) were accompa¬ 
nied by the isomeric linear thiazolo[4,5-g]quinolinecarboxylates (e.g., 855) 
(76CPB1050) (see Section A,3, this chapter). 

The ring closure of 6-benzothiazolylaminomethylenemalonates (964, 
R 1 = H) by heating in phosphoryl chloride at 95°C for 3-12 hr gave 9- 
chlorothiazolo[5,4-/]quinoline-8-carboxylate (965, R 2 = Cl) in 48-90% 
yields [73JAP(K)23800; 75GEP2449544, 75JAP(K)64298; 76CPB130]. The 
hydroxy derivative (964, R = OH, R 1 = H) gave dichlorothiazoloquino- 
line (965, R = R 2 = Cl) in 85% yield in phosphoryl chloride 
(75GEP2449544). The cyclization of /V-(2-chloro-6-benzothiazolyl)amino- 
methylenemalonate (964, R = Cl, R 1 = H) was carried out by heating in 
toluene on the action of phosphoryl chloride, in a mixture of phosphoryl 
chloride and phosphorus trichloride or in a mixture of phosphoryl chloride 
and phosphorus pentachloride, for 10-12 hr to give 2,9-dichlorothia- 


0H R’.Cl.Br R’ <? 0Et R 2 

,N^-^k^C00Et „ / S-^WNHCH=C R’=H C0I 

”^QC? — "SX? io» E . — XX? 

R 1 R = H , Cl, MeS R = H , Me ,Cl, OEt, SH, R 2 = 


( 966 ) 


( 964 ) 


( 965 ) 
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zolo[5,4-/]quinoline-8-carboxylate (965, R = R 2 = Cl) in 71-77% yields 
[75GEP2449544, 75JAP(K)64298]. 

The cyclization of the 2-methylthio derivative (964, R = MeS, R 1 = H) 
was attempted unsuccessfully by heating in polyphosphoric acid, in poly¬ 
phosphate, or in a mixture of phosphoryl chloride and polyphosphoric 
acid (76CPB130). 

If position 7 of the benzothiazole moiety of 6-benzothiazolylaminometh- 
ylenemalonates (964, R 1 = Cl, Br) was substituted, then thiazolo[4, 
5-g]quinolinecarboxylates (966) were obttained in 61-78% yields in boiling 
Dowtherm A for 10-15 min [77JAP(K)83596, 77JAP(K)125196; 79CPB1] 
or in 10% yield in polyphosphate at 120-130°C [77JAP(K)83596, 
77JAP(K)125196]. 

The cyclization of 5-benzimidazolylaminomethylenemalonates (967) by 
heating in boiling Dowtherm A or diphenyl ether for 5-10 min gave imi- 
dazo[4,5-/|quinolinecarboxylates (968) in 52-60% yields [75JHC1319; 
80JAP(K)28920; 82MI1; 86EUP 187705], 



(ioOEt R=H,Me 

1967) R'=H,Me < 968 > 


The cyclization of A f -(l-phenyl-4-benzoyl-5-benzimidazolyl)amino- 
methylenemalonates (969) by heating in polyphosphoric acid afforded 3,9- 
diphenylimidazo[4,5-/]quinolines (970) in 89-91% yields, instead of the 
imidazo[4,5-g]quinolines (971) (86KGS857). 



I 971 ) ( 969 ) ( 970 ) 


N-( 2, 1 ,3-Benzothiadiazol-5-yl)aminomethylenemalonate (972) yielded 
the angularly fused l,2,5-thiadiazolo[3,4-/]quinolinecarboxylate (973) 
when heated in diphenyl ether at 250°C for 30 min [74JAP(K)15498]. 

A(-(l,2,3-Benzotriazol-5-yl)aminomethylenemalonate (974) was cy- 
clized by heating in polyphosphoric acid to give 1,2,3-triazolo[4,5-/|quino- 
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ioOEt 

(972) (973) 


line-3-carboxylate (975) (82MI6). The thermal cyclization of 974 gave also 
the angular ring system (975) (88MI11). 

Nuvole et al. stated that the cyclization of 974 and its desmethyl deriva¬ 
tive gave tautomeric 9-hydroxy-l,2,3-triazolo[4,5-/]quinoline-8-carboxyl- 
ates (e.g., 975) or 9-oxo-6,9-dihydro-l,2,3-triazolo[4,5-/]quinoline-8-car- 
boxylates (e.g., 976, depending on the cyclization conditions (in xylene 
on the action of polyphosphoric acid (PPA) vs. in DMF on the action of 
PPA and in Dowtherm A under boiling vs. in polyphosphate (89FES609, 
89FES619). 




The thermal cyclization of arylaminomethylenemalonates (977, R = H, 
X = CH, N) and their N-methyl derivatives (R = Me) in Dowtherm A at 
250°C for 15 min afforded the angular tricyclic derivatives (978) in excellent 
yields (87CCC2918; 88MI11; 89CCC713). 



(977 ) 


X=CH.N 
R =H,Me 



5. Cyclization of 

3-Pyridylaminomethylenemalonates, Their 
N-Oxides, and Related Systems 

The ring closure of 3-pyridylaminomethylenemalonates may lead to 1,5- 
naphthyridine or 1,7-naphthyridine, depending on which position of the 
pyridine ring (position 2 or 4) is involved in the cyclization (Scheme 45). 
Due to the higher reactivity of position 2 of 3-aminopyridine derivatives 
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R, 

R 1 ' 


(fOOEt 

rL<^nhch=c 
r JL n J ioOEt 


'R=H,Me , MeO,Bi 
Cl, SMe ,NMe j 
R 1 = H, Me, Br, OMe .OEt.Cl 


3, Bu , Br\ 
NMe, \ 




1,5 -Naphthyridine 


1,7 - Naphthyridine 


Scheme 45 

in electrophilic reactions, compared with that of position 4, the formation 
of 1,5-naphthyridine will be more favorable than that of 1,7-naphthyridine. 

The thermal cyclization of 3-pyridylaminomethylenemalonates by heat¬ 
ing in Dowtherm A or in diphenyl ether at 240-270°C for 8-300 min 
afforded l,5-naphthyridine-3-carboxylates in 46-96% yields (46JA1204; 
54JCS2357; 56BRP743901; 65USP3225055; 66MI2; 74RC321; 76NEP9159, 
76SAP4716; 77GEP2607012, 77MI6, 77USP4026881; 78BRP1509695; 
79MIP3; 80YZ38; 85AJC459). The 3-pyridylaminomethylenemalonates 
were sometimes added portion-wise to preheated high-boiling solvent 
(e.g., 74RC321; 77GEP2607012). The l,5-naphthyridine-3-carboxylates 
were usually obtained in higher yield and purer form if the cyclizations 
were carried out in more dilute solutions (e.g., 46 J A1317; 74RC321). 

When 3-aminopyridine was reacted with EMME in Dowtherm A, first 
at 150°C for 1 hr and then at boiling temperature for 1 hr, ethyl 4-hydroxy- 
1,5-naphthyridine-3-carboxylate was obtained in 73-82% yields (46JA- 
1317). 

The reaction of 5-amino-2-hydroxypyridine and EMME refluxing di¬ 
phenyl ether for 1 hr gave 4,6-dihydroxy-l,5-naphthyridine-3-carboxylate 
in 20% yield after vacuum sublimation of the crude product (71JOC1331). 

l,5-Naphthyridine-3-carboxylate labeled with l4 C (979) was prepared 
by the cyclization of diethyl 3-pyridylaminomethylenemalonate, labeled 
with 14 C at the carboxyl group, in boiling Dowtherm A for 5 min (81MI6). 

/V-(6-Substituted 3-pyridyl)aminomethylenemalonate was heated in 
Dowtherm A at 250-270°C for 10-20 min under nitrogen to give 6-substi- 
tuted l,5-naphthyridine-3-carboxylates in 71-87% yields [84JAP(K)- 
93080], 

4,8-Dihydroxy- and 4-hydroxy-8-methoxy-l,5-naphthyridine-3-carbox- 
ylates (981) were prepared in 50% and 72% yields, respectively, by the 
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(979 ) (980 ) (981) 


cyclization of N-(4-substituted 3-pyridyl)-aminomethylenemalonates (980) 
in boiling diphenyl ether for 25-60 min (71JOC1331; 78JOC1331). 

The cyclization of diethyl N-(l-methyl-4-oxo-l,4-dihydropyrid-3-yl) 
aminomethylenemalonate by heating in boiling Dowtherm A for 15 min 
afforded 1 ,5-naphthyridine-3-carboxylate (982) in 35% yield (78JOC1331). 

When position 2 of the pyridine moiety of 3-pyridylaminomethylene- 
malonates (983) was substituted, the thermal ring closure occurred in 
position 4 to yield 4-hydroxy- 1 ,7-naphthyridine-3-carboxylates (984) 
(66BRP1022214; 69USP3429887; 70BRP1182369, 70USP3506668, 70USP 
3517014; 84EUP115469). 



(982 ) (983) R f =H , Me, R*= H, Me , Et, OMe , NHAc <9841 


The ring closure of N-(l-methyl-2-oxo-l,4-dihydropyrid-3-yl)amino- 
methylenemalonate (985) in refluxing Dowtherm A for 25 min under nitro¬ 
gen gave 1,7-naphthyridine-3-carboxylate (986) in 83% yield (81JHC941). 



(985 ) (986 ) 


l,7-Naphthyridine-3-carboxylate derivatives (988) were the products 
when the N-oxides of 3-pyridylaminomethylenemalonates (987) were 
applied. The cyclizations were carried out in boiling diethyl phthalate 
or Dowtherm A (54JOC2008; 66BRP1022214; 69USP3429887; 70USP- 
3506668). 

Ethyl 4-chloro-7-methoxy-l,5-naphthyridine-3-carboxylate was pre¬ 
pared in 62% yield by the cyclization of diethyl Af-(5-methoxy-3- 
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r ^5^NHCH=C 

COOEt 



pyridyl)aminomethylenemalonate in boiling phosphoryl chloride for 5 hr 
(77GEP2607012). 

The cyclization of 3,5-bis(aminomethylenemalonate) (171) by heating in 
Dowtherm A for 45 mink afforded pyrido[3,2-6]-l,5-naphthyridine-3,7- 
dicarboxylate (989) in 81% yield (78BAP509). 

The thermal ring closure of (V-(furo[2,3-6]pyridin-5-yl)aminomethy- 
lenemalonate (990) in boiling Dowtherm A for 12 min afforded furo[2, 
3-g]-l,5-naphthyridinecarboxylate (991) in 77% yield (77MI6). 



1989 ) 


( 990 ) ( 9911 


Hauser and Reynolds reported that the reaction of 3-aminoquinoline 
and EMME in boiling Dowtherm A for 30 min gave the linearly fused 
benzo[6]-1,5-naphthyridinecarboxylate (992) in 22% yield (50JOC1224). 

Later, Lesher stated that the ring closure of 3-quinolyIaminomethylene- 
malonates (993) by heating in Dowtherm A at 245°C for 20 min afforded 
the angular benzo[/]-l,7-naphthyridinecarboxylates (994) (67USP- 
3300499). 



Murakami and Takshima claimed that the thermal cyclization of 3- 
quinolylaminomethylenemalonate (993, R = R 1 =H) gave the linear tricy¬ 
cle (992) (72JAP35919). 

In another case, when an aromatic ring was joined to the pyridine ring, 
the cyclization took place at position 4 of the pyridine moiety to give the 
angular isomer (vide infra). 
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The cyclization of AL(l,8-naphthyridin-3-yl)aminomethylenemalonate 
(995), by heating in refluxing Dowtherm A for 10 min, afforded the angular 
l,8,9-triazaphenanthrene-3-carboxylate (996) in 93% yield (78YZ1279). 


COOEt 
NHCH=C 

COOEt 


A 

(996 ) 


The ring closure of N-(pyrazolo[3,4-/>]pyridin-5-yl)- and AKpyra- 
zolo[4,3-6]pyridin-6-yl)aminomethylenemalonates (997 and 999) in boiling 
Gilotherm for 10 min gave the angular tricycles (998 and 1000) in 75% and 
54% yields, respectively (81 Mil). 


COOEt 
IHCH=C 
toon 




/ N^^5s y ^NHCH=C 

N 0C N 7 COOEt — 


6. Cyclization of 

N-(a-N-HETEROCYCLIC)AMINOMETHYLENEMALONATES 

The ring closure of N-(a-N-heterocyclic)aminomethylenemalonates 
may lead to the formation of nitrogen bridgehead pyrimidinones when the 
ring nitrogen is involved in the cyclization. Ring closure may also lead to 
the formation of condensed pyridines when the ring carbon is involved 
(Scheme 46). 

a. Cyclization of 2-Pyridylaminomethylenemalonates 

From a study of the thermal ring closure of 2-pyridylaminomethylene- 
malonates (1001) by heating in diphenyl ether, Lappin found that pyri- 
do[l,2-a]pyrimidine-3-carboxylates (1002) were formed from those malo- 
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Scheme 46 


nates that did not contain a substituent at position 6 of the pyridine ring 
(1001, R = H), while 6-substituted derivatives (R 4 H)gave 1,8-naphthy- 
ridine-3-carboxylates (1003, R 4 H) (48JA3348). The formation of 1,8- 
naphthyridines (1003) was due to the presence of a substituent at position 
6 of the pyridine moiety of 2-pyridylaminomethylenemalonate (1001, R 4 
H) that sterically inhibited the ring closure on the neighboring ring nitrogen 
and at the same time activated position 3 for cyclization. 



R 0 

(1002 ) (1003) 


Shur and Israelstam carried out the cyclization of 2-pyridylaminomethy- 
lenemalonates (1001) in polyphosphoric acid at 110°C for 4 hr (68JOC3015). 
They reported that pyrido[ 1,2-a]pyrimidine-3-carboxylates (1002) were 
obtained, even if they started from N-(6-methyl- or 4,6-dimethyl-2-pyri- 
dyl)aminomethylenemalonates (1001, R = Me,R‘ = H, 4-Me). However, 
it was later demonstrated that, in the case of the 6-methyl derivative (1001, 
R = Me, R 1 = H), instead of the pyrido[l,2-a]pyrimidine-3-carboxylate 
(1002, R = Me, R 1 = H), the ethyl, hydrogen A(-(6-methyl-2-pyridyl)ami- 
nomethylenemalonate (378, R = Me) was probably obtained. The latter 
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might be formed under the work-up conditions by the hydrolysis of 6- 
methylpyrido[l,2-a]pyrimidine-3-carboxylate (1002, R = Me, R 1 = H) 
(72AF815). Attempted cyclization of the 6-amino derivative (1001, 
R = NH 2 , R 1 = H) afforded only tar (68JOC3015). 

Hermecz, Meszaros and their co-workers investigated the ring closure 
of 2-substituted 3-(2-pyridylamino)acrylates (1004) and pointed out that 
the cyclization of 6-substituted 2-pyridyl derivatives (1001,1004, R 4 H) 
also gave pyrido[l ,2-a]pyrimidines (1002, 1005, R 4 H) in the first step, 
but the nitrogen bridgehead compounds (1002, 1005, R 4- H) could trans¬ 
form to 1,8-naphthyridines (1003,1006) under thermal conditions (e.g., in a 
high-boiling solvent above 200°C) [75TL1019; 77JCS(P 1)789]. The thermal 
ring transformation of 6-substituted pyrido[l,2-a]pyrimidines (1002,1005, 
R 4 H) is facilitated by the steric interaction that exists between the 
neighboring substituents in peri positions 4 and 6. The ring transformation 
of 6-substituted pyridopyrimidines (1002, 1005, R 4 H) is influenced by 
the nature of the substituents at both position 6 and position 3 on the 
pyridopyrimidine skeleton [88JCS(P2)1287]. The nature of the substituent 
at position 3 primarily determines the bond length between ring atoms 
C(4) and N(5), while the nature of the substituent at position 6 controls 
the dihedral angle between the substituents at positions 4 and 6. 

Unsubstituted pyrido[ 1,2-a]pyrimidin-4-ones (1002,1005, R = H) could 
not be transformed even under fairly drastic conditions [77JCS(P1)789]. 

With respect to R 2 (the substituent at position 3 of pyridopyrimi¬ 
dine), the transformation is influenced in the following sequence: 
Me < CH,COOEt <H<Ph<CN< COCH, < COCF 3 » COOEt; while 
with respect to R (the substituent at position 6), the following sequence 
applies: COOEt = OH < alkyl < styryl < NHAc [77JCS(P 1)789; 

78TH1; 80JCS(P1)227]. 

Further investigation of the thermal ring transformation revealed that 
the length of the bond between C(4) and N(5), which must break in the 
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first step during the ring transformation, is influenced primarily by the 
resonance effect of the substituent at position 3 [88JCS(P2) 1287]. Table 
VII shows X-ray diffraction data on some pyrido[ 1,2-a]pyrimidines and a 
quinazoline (1007). These data indicate that the length of the C(4)—N(5) 
bond is independent of the properties of the substituent at position 6. 
Very similar bond lengths were determined by X-ray investigations, for 
example, for pyrido[l,2-a]pyrimidines (1005, R = H, Me, R 1 = H, 
R 2 = CH 2 COOEt) and for compounds 1005 (R = COOEt, R 1 = H, 
R 2 = Me) and 1007, in spite of the fact that the latter is a quinolizine 
derivative. 



( 1007) 


However, if we also take into consideration the dihedral angle between 
group R and the oxygen atoms at positions 6 and 4, it can be observed that 
bicyclic ring systems not containing a substituent at position 6 (1005, 
R = H; and 1007) are nearly planar, while in the 6-substituted derivatives 
(1005, R ± H), the 4-oxo group and the substituent at position 6 are twisted 
out of the plane of the bicycle. A larger dihedral angle is associated with 
a shorter C(4)—N(5) bond [88JCS(P2)1287]. 

This type of ring transformation occurs not only for pyrido[l,2-a]py- 
rimidines and in the cyclization of 2-pyridylaminomethylenemalonates, 
but also for other similar ring systems and (hetarylamino)methylenemalo- 
nates [e.g., 77JCS(P1)789; 84JCS(P1)1795; also see later]. 


TABLE VII 


Characteristic Bond Length and Dihedral Angle Data on PYRiDO[l,2-a]pYRiMiDiNEs (1005) 
and Quinolizine (1007) 


Compound 

R 

R 1 

R 2 

C(4)—N(5) Bond 
distance (pm) 

Dihedral angle 
0=C(4) C(6)R/° 

References 

(1005a) 

H 

H 

CHiCOOEt 

143.4(4) 

3(2) 

88JCS(P2)1287 

(1005b) 

Me 

H 

CH 2 COOEt 

144.2(3) 

40.4(1) 

88JCS(P2)1287 

(10050° 

Me 

H 

COOEt 

146.9(7) 

29(1) 

72AX(B)2405 





147.4(7) 

19(1) 


(1007) 




146.8(2) 

2.9(8) 

88H385 


" Two independent molecules are present in the unit cell. 
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Cyclization of diethyl N-(5-aminocarbonyl-2-pyridyl)aminomethylene- 
malonate (1001, R = H, R 1 = 5-CONH 2 ) in refluxing diphenyl ether for 
2 hr gave 1,8-naphthyridine (1003, R = H, R 1 = 6-CONH 2 ) in 48% yield 
(72JMC1203). Later, it was proved that the product was a pyrido[l,2- 
alpyrimidine (1002, R = H, R' = 7-CONH,) [77JCS(P 1 )789]. 

Pyrido[l,2-a]pyrimidine-3-carboxylate (1002) R = R 1 = H) was pre¬ 
pared in 94% and 40% yields by the thermal cyclization of 2-pyridylamino- 
methylenemalonate (1001, R = R 1 = H) in boiling diphenyl ether 
(52JA5491; 77GEP2648770; 80M1P2). 

Further pyrido[l,2-a]pyrimidine-3-carboxylates (1002, R = H,R' 4 H) 
were prepared by the thermal cyclization of )V-(6-unsubstituted 2-pyri- 
dyl)aminomethylenemalonates (1001, R = H, R 1 ± H) by heating in a 
high-boiling solvent [711JC201, 71JCS(C)2735; 89TL1529]. 

The cyclization of N-(3-hydroxy-2-pyridyl)aminomethylenemalonate 
(1001, R = H, R 1 = 3-OH) in Dowtherm A at 220°C for 15 min gave 
9-hydroxypyrido[l,2-a]pyrimidine-3-carboxylate (1002, R = H, R 1 = 9- 
OH) in 29-52% yields. 9-Hydroxypyrido[l,2-a]pyrimidine (1002, R = 
H, R 1 = 9-OH) was also obtained in 78-93% yields when 2-amino-3- 
hydroxypyridine was reacted with EMME in diethylbenzene at 140°C for 
1-2 hr and then at 180°C for 1-2 hr (73GEP2318821; 75JHC427; 
76USP3960847). 

The ring closure of 2-pyridylaminomethylenemalonates (1008) in boiling 
diphenyl ether for 10-90 min afforded pyrido[l,2-a]pyrimidines (1009) in 
52-57% yields (85EUP218423). 

Pyrido[ 1,2-u]pyrimidine-3-carboxylate (1010, R = Me) was prepared in 
90% yield on the cyclization of diethyl N-(3-cyano-4-methyl-2-pyridyl)ami- 
nomethylenemalonates by heating in Dowtherm A at 255°C for 1.5 hr 
(84KGS799). 



(1008) ( 1009 ) ( 1010 ) 


2-Amino-3-cyano-4-benzylaminopyridine was reacted with EMME in 
boiling DMF for 6 hr to give pyrido[l,2-a]pyrimidine-3-carboxylate (1010, 
R = NHCH 2 Ph) in 35% yield (83KGS816). 

The cyclization of N-(ethoxycarbonyl-2-pyridyl)aminomethylenemalo- 
nates (49) was carried out in Dowtherm A at 250—255°C for 0.5 hr to afford 
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pyrido[l,2-a]pyrimidine-3,6-, -3,7-, -3,8-, and -3,9-dicarboxylates (1011) in 
48-98% yields (79BEP873195; 85JHC481). In the case of the 6-ethoxycar- 
bonyl derivative (49, 6-COOEt), l,8-naphthyridine-3,7-dicarboxylate 
(1012) was also isolated in 7% yield from the reaction mixture. 


Emoc-^y N ]l 

^ N Y^C00Et 

o 

(1011) 

De Fonseca stated that 1 ,8-naphthyridine (1003) was obtained not only 
from N-(6-methyl-2-pyridyl)aminomethylenemalonate (1001, R = Me, 
R 1 = H), but also from 2-pyridylaminomethylenemalonate (1001, 
R = R 1 = H) by thermal cyclization in diethyl phthalate at 280°C (78MI1). 
This statement seems to be in opposition to the results of earlier inves¬ 
tigations, where only pyrido[l,2-a]pyrimidine-3-carboxylate (1002, 
R = R 1 = H) was obtained from the 2-pyridyl derivative (1001, 
R = R 1 = H) under thermal conditions [52JA5491; 77GEP2648770, 
77JCS(P1)789]. 

Adams et al. reported that when 2,6-diaminopyridine was reacted with 
an equimolar ratio of EMME in Dowtherm A at 155°C, the temperature 
of the reaction mixture was then raised to reflux, and the mixture was 
heated for 1 hr, 1,8-naphthyridine (1003, R = NH 2 , R 1 = H) was formed 
(46JA1317). 

When /V-(6-amino-2-pyridyl)aminomethylenemalonate (1001, R = 
NH 2 , R 1 = H) was heated in a 1 :1 mixture of acetic anhydride and Dow¬ 
therm A, 7-acetamido-l,8-naphthyridine-3-carboxylate (1003, R = 
NHAc, R 1 = H) was obtained (62BEP612258). This product (1003, 
R = NHAc, R 1 = H) was also prepared in 58% yield, by the cyclization 
of A-(6-acetamido-2-pyridyl)aminomethylenemalonate (1001, R = 
AcNH, R' = H) in boiling Dowtherm A for 15 min, and in 88% yield in 
the reaction of 2-amino-6-acetamidopyridine and EMME under similar 
conditions (71G129). 

The thermal ring closure of bis(aminomethylenemalonate) (1013, 
R = R 1 = H) in boiling Dowtherm A for 10-15 min gave pyrimido[l,2-a]- 
1,8-naphthyridine (1014, R = H) [71G129,71 JCS(C)2985], but anthyridine 
(1015) was obtained in 74% yield when compound 1013 (R = R 1 = H) was 
heated in diphenyl ether for 6 hr [70JHC875; 77JCS(P1)789], Anthyridine 
(1015) was also obtained from 1013, (R = R 1 = H) on heating in diphenyl 
ether at 270°C (84MI4). Pyrimidonaphthyridine (1014, R = H) could be 
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thermally transformed to anthyridine (1015) in 80% yield in Dowtherm A 
at 250-255°C for 6 hr [77JCS(P 1)789], 

Harper and Wibberley failed to cyclize the 4-ethoxy derivative of com¬ 
pound 1013 (R = H, R 1 = OEt) under similar conditions [71JCS(C)2985], 
The cyclization of bis(aminomethylenemalonate) (1013, R = N0 2 , 
R 1 = H) in boiling Dowtherm A for 30 min afforded pyrimido[l ,2-a]-l ,8- 
naphthyridine (1014, R = N0 2 ) in good yield (72G253). 

The thermal ring closure of )V-(5-nitro-6-diethylamino-2-pyridyl)amino- 
methylenemalonate (1001, R = Et 2 N, R 1 = 5-NO,) by heating in boiling 
Dowtherm A for 10 min gave 1,8-naphthyridine (1003, R = Et, N; 
R 1 = NO,) in 51% yield (79YZ155). 

1,8-Naphthyridines (1017) were obtained in good yields on cyclization 
of N-(6-piperazino-2-pyridyl)aminomethylenemalonates (1016) by heating 
in Dowtherm A [74GEP2362553; 80EUP9425; 81JAP(K)46811; 82FRP- 
2496663; 84JHC673]. 



(1016) R = H , F ; R’ = Ac .COOEt.Me (1017) 


The ring closure of N-[6-(4-acety 1-1-piperazinyl)-5-fluoro-2-pyridyljami- 
nomethylenemalonate (1016, R = F, R 1 = Ac) afforded 1,8-naphthyridine 
(1017, R = F, R' = Ac) in 61% yield on heating in Dowtherm A at 
248-250°C for 13 min, and in 96% yield on heating in tridecane at 
230-232°C for 5 hr (84JHC673). 

The cyclization of )V-(5-fluoro-6-pyrrolo-2-pyridyl)aminomethylene- 
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malonate (1001, R = pyrrolidino; R 1 = 5-F) by heating in Dowtherm A 
for 13 min gave 1,8-naphthyridine (1003, R = pyrrolidino; R 1 = 6-F) in 
76% yield (84JHC673). 

The cyclization of N-(6-chloro-2-pyridyl)aminomethylenemalonate 
(1001, R = Cl, R 1 = H) by heating in diphenyl ether at 250°C for 20 min 
gave 1,8-naphthyridine (1003, R = Cl, R 1 = H) in 91% yield (82CPB2399). 

7-Alkyl-l,8-naphthyridine-3-carboxylates (1003, R = alkyl) were pre¬ 
pared in good yields on the thermal cyclization of N-(6-alkyl-2-pyridyl)ami- 
nomethylenemalonates (1001, R = alkyl) by heating in a high-boiling sol¬ 
vent (62BEP612258; 66MI1; 68USP3404153; 69CPB1832; 70BRP1208279; 
76MIP5, 76NEP3192; 78GEP2811483; 80MIP1; 82MI5; 84AJC1065; 
87JHC215). 

N-(6-Methyl-2-pyridyl)aminomethylenemalonate (1001, R = Me, 
R 1 = H) was cyclized to 1,8-naphthyridine (1003, R = Me, R 1 = H) in 
70% yield in a continuous-operation wiped-film reactor with control of the 
residence time, whereas in a conventional wiped-film reactor, the yield 
was 25-30% (79MI2). On heating in dodecylbenzene or in diethyl phthalate 
at 285-300°C for 3-6 min, the yield was 90% (73MIP3). 

The cyclization of diethyl N-(6-methyl-2-pyridyl)aminomethylenemalo- 
nate (1001, R = Me, R 1 = H) and of diethyl arylaminomethylenemalo- 
nates (757, R = R 1 = H, OMe, OCH 2 0; R = Cl, R 1 = H) was carried out 
in dibenzylbenzene at 300-335°C for 1-12 min to give 1,8-naphthyridine 
(1003, R = Me,R' = H) and quinoline-3-carboxylates (759, R = R 1 = H, 
OMe, OCH,0; R = Cl, R' = H), respectively, in good yields 
(74BEP819195; 75GEP2343462). 

1,8-Naphthyridines (1003, R = Me, 6-R 1 = MeO, EtO, PhCH 2 0, 
MeOCH 2 0) were prepared in good yields on the cyclization of N-{ 6- 
methyl-5-alkoxy-2-pyridyl)aminomethylenemalonates (1001, R = Me, 5- 
R 1 = MeO, EtO, PhCH 2 0, MeOCH 2 0) by heating in boiling Dowtherm 
A for 1 hr [79GEP2906253; 80JAP(K)130980; 81CP1114822, 81JAP(K)- 
131583; 84CPB4914]. 

The ring closure of N-[6-(pyridyl)-2-pyridyl]aminomethylenemalonates 
(1018) by heating in boiling diphenyl ether or Dowtherm A afforded 1,8- 
naphthyridines (1019) in good yields [72GEP2125310; 73BRP1322318, 
73FRP2138216; 84FRP2531084; 85JAP(K)112790; 87JMC1622]. 



(1018) 


(1019) 
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2,5-Dihydroxy-1,8-naphthyridine was prepared in 50% yield by the cy- 
clization of N-(6-hydroxy-2-pyridyl)aminomethylenemalonic acid in boil¬ 
ing diphenyl ether for 9 hr (84AJC1065). 

The thermal cyclization of N-(6-alkylthio-2-pyridyl)aminomethylene- 
malonate ( 1020 ) afforded 1,8-naphthyridines ( 1021 ) in good yields 
(78KGS1671; 82FRP2500833; 84JHC673). 

Shvo and Israelstam obtained pyrido[l ,2-a]pyrimidine-3-carboxylate 
(1002, R = R 1 = H), when 2-aminopyridine was reacted with EMME in 
polyphosphoric acid at 110-120°C for 2-3 hr (68JOC3015). 

The cyclization of diethyl N-substituted N-(6-alkyl-2-pyridyl)amino- 
methylenemalonates (265, R 2 = Et) in polyphosphoric acid at 200-230°C 
for 10 min gave 1-substituted 7-alkyl-1,4-dihydro-1,8-naphthyridine-3- 
carboxylic acids (1022, R = Me, Et; R 1 = alkyl; R : = H) in 17-56% 
yields (71GEP2108046). From the mother liquor, 2-(substituted amino)-6- 
alkylpyridines could be recovered. 




R=Me,Et, N^Me.CFjCHj 
R = alkyl , R 2 = H ,Et 

11022 ) 


The ring closure of )V-ethyl-N-[6-(4-methyl-l-piperidyl)-2-pyridyl]ami- 
nomethylenemalonate (265, R = 4-methyl-1 -piperidyl, R 1 = R 2 = Et) 
by heating in polyphosphoric acid at 140°C for 15 min afforded ethyl 1- 
ethyl-l,8-naphthyridine-3-carboxylate (1022, R = 4-methyl-l-piperidyl, 
R 1 = R 2 = Et) in 78% yield (74GEP2362553). 

7-Methyl-l-(2,2,2-Trifluoroethyl)- 4-oxo-l,4 -dihydro-1,8-naphtyridine- 
3-carboxylic acid (1022, R = Me; R 1 = CF,CH 2 ; R 2 = H) was obtained 
in 16% yield by the cyclization of diethyl N-(2,2,2-trifluoroethyl)-N-(6- 
methyl-2-pyridyl)aminomethylenemalonate (265, R = Me;R' = CF 3 CH 2 , 
R 2 = Et) in polyphosphoric acid at 200-220°C for 10 min [77JAP- 
(K) 139094]. 

The ring closure of 2-pyridylaminomethylenemalonates (1023, both 6- 
substituted and 6-unsubstituted) took place readily in phosphoryl chloride 
in the presence of a catalytic amount of polyphosphoric acid (~ 1-10%) 
at reflux temperature. When hydrogen chloride gas evolution ceased, the 
reaction mixtures were treated with the appropriate alcohol, and hydro¬ 
chloride salts of pyrido[l,2-a]pyrimidine-3-carboxylates (1024) were ob- 
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tained in high yields (72AF815,72MIP1,72MIP2; 79BEP873195; 84S152). 
Cyclization did not proceed in phosphoryl chloride alone (72AF815; 
84S152). The cyclization was also unsuccessful if the pyridine moiety 
contained a bromo, hydroxy, or acetamido substituent in position 6 (1023, 
R = Br, OH, NHAc), and in the case of dimethyl A-(6-methyl-2-pyri- 
dyl)aminomethylenemalonate (1023, R = R 2 = R 3 = Me,R' = H)(72AF- 
815; 84S152). 

C00R 3 R 0 EtOOCN^J I 

R = H, Me , Et, R* = H, Me , COOEt, 3-0H , ^ 

R^H.Et.Pr.iPr.Bu, R J =Et,Pr.iPr,Bu.PhCHj ( 1025 ) 

(1023) ( 1024) 

The ring closure of diethyl (V-(6-methyl-2-pyridyl)aminomethylenemalo- 
nate(1001, R = Me,R' = H) was carried out on a large scale in chloroben¬ 
zene on the action of a mixture of phosphoryl chloride and polyphosphoric 
acid at 125-130°C for 10-12 hr to give the hydrochloride of pyrido[l,2- 
a]pyrimidine-3-carboxylate (1002, R = Me, R 1 = H) in good yield after 
treatment of the reaction mixture with ethanol (77MIP1). 

The cyclization of (V-(6-methyl-2-pyridyl)aminomethylenemalonate 
(1001, R = Me, R 1 = H), labeled on one of the carboxyl groups with 
l4 C, gave labeled 1,8-naphthyridine (1003, R = Me, R 1 = H) in boiling 
diphenyl ether and labeled pyrido[l,2-a]pyrimidine (1002, R = Me, 
R 1 = H) in a mixture of phosphoryl chloride and polyphosphoric acid in 
77% and 85% yields, respectively (73MI2; 75MI2). 

It was claimed that the cyclization of 2-pyridylaminomethylenemalo- 
nates(1023, R = H,Me,R' = H,4-Me)ina2: 1 mixture of acetic acid and 
concentrated sulfuric acid afforded pyrido[l,2-a]pyrimidine-3-carboxylic 
acids (1024, R = H, Me, R 1 = H, 8-Me, R 2 = H), but only the melting 
points of the esters (R 2 = Et) were given (74MIP2) as evidence. 

I-Cyclopropyl-1,4-dihydro-1,8-naphthyridine-3-carboxylate (1025) was 
prepared in 43-48% yields by the cyclization of N-cyclopropyl-N-[6- 
(4 - ethoxycarbonyl -1- piperazinyl) -5- fluoro -2-pyridyl ] aminomethylene - 
malonate (111) in acetic acid by the action of concentrated sulfuric acid 
at 55-60°C for 1 hr (85EUP153163, 85EUP153828, 85EUP159174; 
86EUP172651; 88EUP265230). 

The cyclization of diethyl (V-alkyl-iV-(6-alkyl-2-pyridyl)aminomethy- 
lenemalonates (265, Rand R 1 = alkyl, R 2 = Et) could be carried out easily 
in diphenyl ether or in Dowtherm A in the presence of a boron trifluoride 
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(1026) (1027 ) (1028) 


etherate complex at 225-242°C for a few minutes. Depending on the work¬ 
up, 1,8-naphthyridine-3-carboxylic acid-BF 2 chelate (1026) or 1,8-naphthy- 
ridine-3-carboxylic acids (1022, R = Me, Et; R 1 = Me, Et; Pr; R 2 = H) 
were obtained in 59-94% yields (79GEP2855279). For example, when a 
mixture of 2-pyridylaminomethylenemalonate (265, R = Me, R 1 = 
R 2 = Et) and boron trifluoride THF complex in Dowtherm A was added 
dropwise to Dowtherm A at 230°C over 32 min, the mixture was stirred 
for 5 min, the low-boiling substances was distilled out and cooled to 
ambient temperature, then a 94% yield of chelate (1026, R = Me,R' = Et) 
could be obtained. As ether, THF, dibutyl ether, or diethyl ether was 
applied as boron trifluoride etherate. 

Diethyl Af-ethyl-Af-[6-(4-ethoxycarbonyl-l-piperazinyl)-5-fluoro-2-pyri- 
dyl]aminomethylenemalonate (1027) was cyclized on the action of boron 
trifluoride etherate complex in diphenyl ether at 228-231 °C for 30 min to 
give the 1,8-naphthyridine derivative (1028) in 90% yield [84JAP(K)80683], 


b. Cyclization of Further Six-Membered N-(a-N- 
Heterocyclic)aminomethylenemalonates 

2-Pyrazinylaminomethylenemalonate (1029, R = R 1 = H) was heated 
in Dowtherm A at 255°C for 10 min to give pyrazino[l,2-a]pyrimidine-3- 
carboxylate (1030, R = R 1 = H) in 89% yield (68JMCI045). 

The ring closure of the 6-methoxy derivative (1029, R = OMe, R 1 = H) 
under similar conditions afforded pyrido[2,3-6]pyrazine (1031, R = OMe, 
R 1 = H) in 78% yield (72CB3118). 

The cyclization of N-(6-substituted 2-pyrazinyl)aminomethylenemalo- 
nates (1029, R 4 H) in diphenyl ether at 250-270°C for 5-30 min gave 
pyrido[2,3-(7]pyrazines (1031, R4 H) in 10-85% yields [73JAP(K)23798; 
74CPB1864, 74JAP(K)56996]. In addition to 10% of pyrido[2,3-&]pyrazine 
(1031, R = Me, R' = H), Nakao et al. isolated 20% of isomeric nitrogen 
bridgehead bicycle (1030, R = Me, R 1 =H) from the reaction mixture of 
the 6-methylpyrazine derivative (1029, R = Me, R 1 = H) (74CPB1864). 
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They failed to cyclize the 6-chloro derivative. Only tar formation was 
observed. 

Later, Tanaka et al. successfully cyclized /V-(6-chloro-2-pyrazinyl)ami- 
nomethylenemalonate (1029, R = Cl, R 1 = H) to pyrido[2,3-6]pyrazine- 
carboxylate (1031, R = Cl, R 1 = H) in 35% yield by heating in diphenyl 
ether at 260-270°C [75JAP(K)53394, 75YZ1092], Tanaka and Narita 
obtained pyrazino[l,2-a]pyrimidine (1030, R = R 1 = H) from 1029 
(R = R 1 = H), whereas mixtures of pyrazino[l,2-a]pyrimidines (1030, 
R = Me, R 1 = H, Me) and pyrido[2,3-6]pyrazines (1031, R = Me, 
R 1 = H, Me) were produced from the 6-methyl derivative of 2-pyraziny- 
laminomethylenemalonate (1029, R = Me, R 1 = H, Me) in boiling Dow- 
therm A for 20 min (75YZ1092). 



60% R =Me, R’sH 25% 
26% R sR*= Me 43% 


The cyclization of diethyl 2-pyrimidinylaminomethylenemalonate in 
boiling trichlorobenzene gave pyrimido[l ,2-a]pyrimidine-3-carboxylate in 
19% yield (72JMC1203). The diethyl (V-(4,6-dimethyl 2-pyrimidinylamino)- 
methylenemalonate could not be cyclized by heating in trichlorobenzene 
(72JMC1203). 

The thermal ring closure of (V-(2-substituted 4-pyrimidyl)aminomethy- 
lenemalonates (1032, R 4- H) by heating in mineral oil at 320°C 
(67USP3320257), in diethyl phthalate at 285°C (67USP3320257), in boiling 
Dowtherm A (70CPB1385; 72JOC3980; 76GEP2544369, 76USP3992380; 
78BRP1514575; 82JHC1581), or in refluxing diphenyl ether (68JAP6227; 
71CPB1426, 71CPB1482; 72JOC3980; 74GEP2341146; 77GEP2729661; 
79GEP2856527) generally afforded pyrido[2,3-J]pyrimidine-6-carboxy- 
lates (1034, R 4 H) in 11 -97% yields. Thermal ring closure of (V-(2-unsub- 
stituted 4-pyrimidyl)aminomethylenemalonates (1032, R = H) in boiling 
Dowtherm A (80CPB2148) or diphenyl ether at 205-210°C gave pyrim- 
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R = H , R = H ,Me , OMe 
, NHAc 


•O'" 


f 


R = Me, OMe, SMe , NMe 2 ,-N^J , 
-|Q? .-tTjJR 3 R = H, Me 
^OOR J Ac.CHjPh, COOEt,-fT^-NMej 


/R=H R*H\ 

R = Me . Et 




N V Nv ir cc 


r’ oh 



(103A ) 


ido[l,6-a]pyrimidine-3-carboxylates (1033, R = H) in 69-82% yields 
(72JOC3980). 

In contrast with an earlier statement (72USP3673184), it was proved by 
'H-NMR investigations (82JHC158I that the cyclization of N-(2-hydroxy- 
4-pyrimidyl)aminomethylenemalonate (1035) by heating in boiling Dow- 
therm A for 10 min occurred at the nitrogen atom, and not the carbon 
atom, to give 5,8-dihydro-4,6-dioxo-4//-pyrimido[l,6-n]pyrimidine-3-car- 
boxylate (1036) in 61% yield. Later, it was again claimed that the cycliza¬ 
tion product in the previous reaction was pyrido[2,3-6]pyrimidine (1037) 
[87MIP6; 88JAP(K) 183582]. 



( 1037 ) 


lO^C^-r 


COOEt 
■NHCH=C 

COOEt 

( 1035) 



Pyrido[2,3-</]pyrimidine-6-carboxylates (1034, R = Me, R 1 = NHPh- 
NHPh-4Cl) were prepared in 92-99% yields from 4-amino-6-arylamino-2- 
methylpyrimidines and EMME in one-pot reactions in Dowtherm A at 
250°C for 40 min (70CPB1385). 

When /V-[6-(disubstituted amino)-4-pyrimidinyl]aminomethylenema- 
lonates (1038) were cyclized by heating in Dowtherm A at 250°C for 
15 min, both 4-(disubstituted amino)pyrido[2,3-</]pyrimidine-6-carboxyl- 
ates (1039) and the 4-ethoxy derivative (1040) were prepared (70CPB1385). 

Unsuccessful attempts were made to cyclize AKb-amino^-pyrimi- 
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V R "VoH OEt OH 

^ e A N A N HCH=C 

WOEt 

i 10311 U,% 

R = R’=-(CH 2 ) 5 - ^3.5% 1 0 /» 

( 1039 ) ( 10M>) 


dinyl)aminomethylenemalonates (1032, R = H, Me, R 1 = NH 2 ) to the 
corresponding bicyclics (1033), R = H, R 1 = NH 2 , and 1034, R = Me, 
R 1 = NH 2 ) (70CPB1385; 72JOC3980) under a variety of conditions, but 
the 6-acetamido derivatives (1032, R = H, SMe; R 1 = NHAc) afforded 
pyrimido[l,6-a]pyrimidine-3-carboxylate (1033, R = H, R 1 = NHAc) or 
pyrido[2,3-</]pyrimidine-6-carboxylate (1034, R = MeS, R 1 = NHAc) in 
70% yield when heated in diphenyl ether or Dowtherm A, respectively 
(72JOC3980). 

Although the thermal cyclization of N-lb-oxo^-pyrimidinyOamino- 
methylenemalonate (1041, R = R 1 = H) was unsuccessful when it was 
heated in boiling Dowtherm A for 20 min, the 2-methylthio derivative 
(1041, R = MeS, R 1 = H) gave pyrido[2,3-t/]pyrimidine-6-carboxylate 
(1042, R = MeS, R 1 = H) in 73% yield (72JOC3980). 

The cyclization of N-(2-alkoxy-4-pyrimidinyl)aminomethylenemalo- 
nates (1041, R = MeO, EtO, R 1 = Me) in boiling diphenyl ether for 1 
hr gave pyrido[2,3-t/]pyrimidine-6-carboxylates (1042, R = MeO, EtO; 
R 1 = Me in 60-70% yields (89JHC1089). 



Matsumoto et al. unsuccessfully tried to isomerize pyrimido[l,6-a]- 
pyrimidine-6-carboxylate (1033, R = H, R 1 = H, Me, pyrrolidine) ther¬ 
mally to the corresponding pyrido[2,3-</]pyrimidine-3-carboxylate (1034, 
R = H) (80CPB2148). 

Pyrimido[2,3-<7]pyrimidine-6-carboxylates (1043) were prepared in 
28-85% yields on the cyclization of 4-pyrimidinylaminomethylenemalo- 
nates (54) by heating in boiling 1,2,4-trichloro- or 1,2-dichlorobenzene 
[87JAP(K)142177], 
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N- 2-(4 - Methyl- 1-piperazinyl)- 4 -pyrimidinylaminomethylenemalonate 
(1044) was heated in phosphoryl chloride at 95°C for 5 hr to give 5- 
chloropyrido[2,3-</]pyrimidine-6-carboxylate (1045) in 85% yield 
(74GEP2341146). 


»C" 


, N A| 


RnAc.C00Et.PhCH 2 

(1043) 


N^j> C00Et_ M^YV C00Et 

f ^'N^N'^NHCH=C 

COOEt 


Depending on the work-up, pyrido[2,3-</]pyrimidine-6-carboxylates 
(1047, R 1 = Et) or 6-carboxylic acids (1047, R 1 = H) were prepared in 
high yields on the heating of N-ethyl-N-(4-pyrimidinyl)aminomethylene- 
malonates (1046) in phosphoryl chloride for 6 hr [73JAP(K)91093]. 

Pipemidic acid was prepared in 54% yield by the cyclization of N-ethyl- 
N-(4-pyrimidinyl)aminomethylenemalonate (1046, R = pyrrolidino) on 
heating in polyphosphoric acid at 200-230°C for 10 min [73JAP(K)8800], 
The cyclization of the 2-(4-methylpiperazinyl) derivative of 1046 (R = 4- 
methyl-1-piperazinyl) afforded pyrimido[2,3-c/]pyrimidine-6-carboxylate 
(1047, R = 4-methyl-1-piperazinyl, R 1 = Et) in 82% yield when it was 
heated in polyphosphoric acid at 140°C for 20 min (74GEP2341146). 



(1046 ) 


A / POCt 3 
R =Me , MeS , NEt 


Of 



(1047 ) 


The ring closure of N-(2,2,2-trifluoroethyl)-N-[2-(l-piperazinyl)-4- 
pyrimidinyl]aminomethylenemalonate (1048) in polyphosphoric acid at 
200-220°C for 10 min yielded 8-trif)uoroethylpyrido[2,3-</]pyrimidine-6- 
carboxylic acid (1049) [77JAP(K) 139094]. 
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The thermal ring closure of 3-pyridazinylaminomethylenemalonate 
(1050, R = H) by heating in boiling diphenyl ether afforded pyrimido[l ,2- 
6]pyridazine-3-carboxylate (1051, R = H) in 73% yield (68TL33). Ef¬ 
forts to cyclize the 6-chIoro derivative (1050, R = Cl) under similar condi¬ 
tions were unsuccessful (68TL33), but when 3-amino-6-chloropyridazine 
was reacted with EMME in boiling diphenyl ether (78GEP2814777; 
80USP4231928) or in polyphosphoric acid at 120°C for 2 hr (85H1), 7- 
chloropyrimido[ 1,2-b]pyridazine-3-carboxylate (1051, R = Cl) was pre¬ 
pared in 56% and 67% yields, respectively. 

The thermal cyclization of 3-pyridazinylaminomethylenemalonate 
N-oxide (1052) by heating in diphenyl ether at 250°C for 15 min gave 
pyrido[2,3-c]pyridazine-6-carboxylate (V-oxide (1053) in 70% yield 
(72JHC351). 


XX 


COOEt 
NHCH=C 

COOEt 


(1050) 



COOEt 
COOEt 



(1052) 


(1053) 


2-Quinolinylaminomethylenemalonates (1054) were cyclized to the 
angular pyrimido[l ,2-a]quinoline-2-carboxylates (1055) in moderate or 
good yields by heating in boiling diphenyl ether (72JMC1203) or in Dow- 
therm A (74MIP1; 75GEP2513930; 77GEP2628751, 77GEP2630469, 
77USP4031217; 78GEP2801248, 78YZ1279; 79USP4175193) at 230-255°C 
for 60-120 min. They were also cyclized by the action of polyphosphoric 
acid in boiling phosphoryl chloride for 3-7 hr (74MIP1; 79MIP1). Under 



R =H, Cl, OMe , OEt,R 3 and R 4 = H. Cl, Me ,0Me 
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the latter conditions, a shorter reaction period was possible when the 
half ester (1054, R = Et, R 1 = H) was applied (74MIP1). Dimethyl 2- 
quinolinylaminomethylenemalonate (1054, R = R 1 = Me) could be cy- 
clized only thermally (84S152). 

The cyclization of 0,0-diethyl 2-quinolinylaminomethylenethion- 
malonate (1056) by heating in a mixture of polyphosphoric acid and phos- 
phoryl chloride afforded 55-60% of l-oxopyrimido[l,2-a]quinoline-2-car- 
boxylate (1055, R = Et, R 2 -R 4 = H), while heating in Dowtherm A at 
250°C led to l-oxopyrimido[l,2-a]quinoline-2-thiocarboxylate (1057) in 
15-17% yields (74MIP1; 84S152). 



(1056) (1057) 


Pyrimido[ 1,2-a]quinoline-2-carboxylate (1055, R = Et, R 2 -R 4 = H) 
was obtained in 50% yield when 2-aminoquinoline was reacted with 
EMME in boiling Dowtherm A for 20 min (74M IP 1). The 6-hydroxy deriva¬ 
tive of 1055 (R = Et, R 2 = OH, R 2 = R 4 = H) was prepared in 20% yield 
when 2-amino-4-hydroxyquinoline and EMME were heated at 170°C for 8 
hr (71IJC201). The angular pyrimido[l,2-a]quinoline-2-carboxylate (1055, 
R = Et, R 2 -R 4 = H) could not be transformed into the linear isomer 
[77JCS(P1 )780]. 

The thermal ring closure of 1-isoquinolinylaminomethylenemalonates 
(1058) by heating in diphenyl ether at 235-260°C for 5-15 min gave pyrim- 
ido[2,l-a]isoquinoline-3-carboxylates (1059) in 67-83% yields [78USP- 
4127720; 84JAP(K)172472], 



R = H ,Me0 , N0 2 ,C0Me R = H , Me; R'=H,N0 2 ,Br, R 2 and R^H.NOj 

(1058) (1059) 

The reaction of 1-aminoisoquinolines and EMME by heating in boiling 
DMF for 18 hr yielded pyrimido[2,l-a]isoquinoline-3-carboxylates (1059) 
(85EUP143001). 
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When the temperature of the reaction mixture of 1-amino-3,4-dihydro- 
isoquinolines and EMME in toluene was gradually increased to boiling, 
and the reaction mixture was then refluxed for 5 min, 6,7-dihydropyrim- 
ido[2,l-a]isoquinoline-3-carboxylates were formed (1060) in 79-83% 
yields (78USP4127720). 



RsH, OMe ; R*sH, OMe, R*= H . Et, CH,CH=CH, 
(1060) 


/V-(6,7,8,9-Tetrahydro-3-isoquinolinyl)aminomethylenemalonates (1061) 
were cyclized by heating in diphenyl ether at 180°C for 3 hr (83KGS1279), 
or at 250°Cfor 1 hr(84KFZ931), or on the action of polyphosphate (88MI9) 
to give pyrimido[l,2-6]isoquinoline-3-carboxylates (1062) in 75-90% 
yields. 



R K S n,« = n,LN R C 

(1061) R=Ph; R’= Me , Ph , COPh (1()62) 


Cyclopenta[c]pyridylaminomethylenemalonate (1063) was cyclized by 
the action of a mixture of acetic anhydride and concentrated sulfuric acid 
at 90°C for 1 hr to give the tricyclic nitrogen bridgehead ring system (1064, 
R = CN) in 60% yield (83KGS 1279). 



( 1063 ) (1064 ) 


The reaction of 3-aminocyclopenta[c]pyridine and EMME at 150°C for 
2 hr afforded cyclopenta[gjpyrido[l,2-a]pyrimidine-3-carboxylate (1064, 
R = H) in 54% yield (84KFZ931). 
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Depending on the reaction period, the thermal cyclization of AH 1,8- 
naphthyridine-2-yl)aminomethylenemalonates (1065) by heating in Dow- 
therm A gave the angular pyrimidof 1,2-a][ 1,8]naphthyridinecarboxylates 
(1066), or the linear anthyridines (1067), or a mixture of these tricycles 
[67G1274; 69G677; 71G129, 71JCS(C)2985], Pyrimidofl,2-a][l,8]naph- 
thyridinecarboxylates (1066) were izomerized to anthyridines (1067) 
when heated in vaseline oil at 300°C for 5 min (69G677) or in boiling Dow- 
therm A [77JCS(P 1)789], 


A 



( 1065 ) (1066 ) ( 1067 ) 

Pyrimidofl,2-a][l,6]naphthyridinecarboxylate (1069, X = CH, Y = N) 
was obtained in 55% yield on the cyclization of N-( 1,6-naphthyridin-2-yl)- 
aminomethylenemalonate (1068, X = CH, Y = N) by heating in Dow- 
therm A for 10 min (74JHC151). 

The thermal ring closure of 2-quinoxyalylaminomethylenemalonate 
(1068, X = N, Y = CH) by heating in Dowtherm A at 250-255°C for 1 hr 
gave pyrimidof 1,2-a]quinoxalinecarboxylate (1069, X = N, Y = CH) in 
82% yield [77JCS(P1)789]. Further heating did not result in formation of 
the isomeric linear tricycle. 



The cyclization of A-(4-oxoquinazolin-2-yl)aminomethylenemalonate 
(1070) by heating in diphenyl ether at 240°C for 10 min occurred at position 
1 to afford the angular ring system (1071) in 81% yield (89JHC161). Cycliza- 



(1071 ) 


(1070 
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tion in paraffin gave a lower yield, and the tricyclic product (1071) was 
impure. 

4-Aminoquinazolines (R and R 1 = H, Cl) were reacted with EMME 
at 150°C for 2 hr to give a mixture of 4-quinazolinylaminomethylene- 
malonates (1072) and pyrimido[l,2-c]quinazolinecarboxylates (1073) 
(81EUP30156). 



( 1072 1 (1073 ) 


The reaction of 4-amino-6,7-dimethylquinazoline and EMME in DMF 
at 110°C for 4 hr gave pyrimido[l,2-c]quinazolinecarboxylate (1073, 
R = R 1 = Me) in 19% yield (81EUP30156), while that of the 4-aminoquin- 
azoline derivative [R = EtCH(Me)CH(Me)CONH—, R 1 = H] and 
EMME in diphenyl ether at 250°C for 40 min afforded the tricyclic deriva¬ 
tive (1073, R = EtCH(Me)CH(Me)CONH—, R 1 = H) in 86% yield 
[86JAP(K)50983]. 4-Quinazolinylaminomethylenemalonates (1072) were 
cyclized by heating in diphenyl ether at 250-260°C for 20 min to give 
pyrimido[l,2-c]quinazolinecarboxylates (1073) (81EUP30156). Following 
the cyclization of A-(2-alkoxy-4-quinazolinyl)aminomethylenemalonates 
(1074) in diphenyl ether at 260°C for 15-32 min, a roughly 1:1 mixture 
of 6-alkoxy and 7-alkyl-6-oxopyrimido[l ,2-r]quinazoline-3-carboxylates 
(1075 and 1076) was isolated (81EUP30156). 


COOEt 



(1074) ( 1075 ) (1076 ) 


Bis(aminomethylenemalonate) (1077) was cyclized in diphenyl ether at 
260°C for 35 min to afford dipyrimido[l,2-«:r,2'-c]quinazoline-3,8-dicar- 
boxylate (1078) in 50% yield (81EUP30156). 

The ring closure of 1-phthalazinylaminomethylenemalonate (1079) in 
boiling propanol yielded pyrimido[2,l-«]phthalazinecarboxylate (1080) 
[74CR(C)209]. 

5/f-Pyrimido[2,l-c][l,4]benzoxazinecarboxylates (1082, X = O) and 
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NrK 

0 $ 


NHCH=C-COOEt 
doOEt 
I^NHCH=C-C00Et 
COOEt 



( 1077 ) 


(1078 ) 



Y 1 

NHCH=C 


COOEt 

( 1079 ) 



5//-pyrimido[2, 1 -c|- 1 ,4-benzothiazinecarboxylates (1082, X = S) were 
obtained on the cyclization of N-(2H- 1,4-benzoxazin-3-yl)- and N-(2H- 
l,4-benzothiazin-3-yl)aminomethylenemalonates (1081, X = O, S) on the 
action of sodium ethylate in ethanol at 20°C for 2 hr (81USP4254118). 

jY-(2//-l,4-Benzoxazin-3-yl)aminomethylenemalonate (1081, X = O; 
R = H, R 1 = COOEt) was cyclized by heating in polyphosphoric acid at 
100°C for 1 hr to give 5//-pyrimido[2,l-c]-l,4-benzothiazinedicarboxylate 
(1082, R = H, R 1 = COOEt) in 65% yield (81USP4254118). 



(1081) 


(pOEt 
NHCH=C 

COOEt 

X=S. R = R’=H R ( 1082 ) 

X= 0 . R = h, tBu ,Cl; r’= h, Me 


COOEt 


The cyclization of N-(furo[3,2-6]pyridin-5-yl)aminomethylenemalonate 
(1083) by heating in boiling Dowtherm A for 15 min afforded a mixture of 
the angular and linear isomeric tricycles (1084 and 1085) (84CPB4914). 

The thermal ring closure of N-(4//-l,2,4-benzothiadiazine 1,1-dioxide- 
3-yl)aminomethylenemaIonates (1086) in Dowtherm A at 200°C for 8 hr 




(1083) 


(1084 ) 


51% 


(1085) 
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COOEt 
=C 

COOEt - 

R = Me ,Et,Ph 
(1086 ) (1087) 

afforded pyrimido[l ,2-b][ 1,2,4]benzothiazine-3-carboxylate 6,6-dioxides 
(1087) in 70-75% yields (89JHC473). 

The thermal cyclization of N-[4-benzo[/t]quinazolin-4-yl]aminomethy- 
lenemalonate (1088) in Dowtherm A at 250-255°C for 12 hr gave benzo- 
(/i)pyrimido[l,2-c]quinazoline-2-carboxylate (1089) in 75% yield (86- 
H1119). 





The cyclocondensation of 3-aminopyrido[3,4-6]indole (1090) and 
EMME in boiling acetic acid and propionic acid for 8 hr or 4 hr gave 
pyrimido[2\ 1' :6,l]pyrido[3,4-b]indolecarboxylate(1091)in52%and65% 
yields, respectively [87MIP4, 87MIP5; 88IJC(B)484]. 



(1090 ) (1091) 


The ring closure of 2-anthyridinylaminomethylenemalonate (98) by heat¬ 
ing in boiling Dowtherm A for 2 hr gave 1,10,11,12-tetrazanaphthacene-3- 
carboxylate (1092) in 73% yield. The tetracycle (1092) was prepared in 
88% yield when 2-aminoanthyridin-5(10//)-one was reacted with EMME 
under the previous conditions (74FES366). 
ll-Oxopyrimido[l,2-a]perimidine-10-carboxylate (1094) was obtained in 



ioOEt 


( 1092 ) 


I 1093 ) 


(109<V) 
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98% yield by the thermal cyclization of 2-perimidinylaminomethylenema- 
lonate (1093) in boiling diphenyl ether for 10 min (89AP303). 


c. Cyclization of Other N-(a-N-Heterocyclic)- 
aminomethylenemalonates 

Pyrrolo[l,2-«]pyrimidine-3-carboxylates (1095) were prepared in 76% 
yields by the cyclization of 2-pyrrolylaminomethylenemalonates (60, 
R = H, F) in boiling Dowtherm A for 2 min under argon, or in 68-74% 
yields in DMF at ambient temperature on the action of potassium tert- 
butoxide for 18-24 hr (87JHC297), or in 70% yield in boiling DMF for 
1 hr (87FES787), and in 68-70% yields by the cyclocondensation of 2- 
aminopyrroles and EMME in boiling ethanol for 30-36 hr (87JHC297) or 
in 60% yield by heating in the melt at 210-220°C for 40 min (87FES787). 



(1095 ) 


If the nitrogen atom of the pyrrole ring was substituted, then pyrrolo[2, 
3-fc]pyridinecarboxylates (1097) were obtained in 68-74% yields on the 
thermal cyclization of N-(l -substituted 2-pyrrolyl)aminomethylenemalo- 
nates (1096) by heating in diphenyl ether at 250°C for 20 min 
[75JCS(P1) 1910; 89JHC1029]. 




OH 


COOEt COOEt 

•NHCH=C V*N^ 

COOEt R 

R = CH 2 Ph, 4-MePh , 3-ClPh , cyclohexyl 
(1096 ) ( 1097 ) 


l-Benzylpyrrolo[2,3-b]pyridine-5-carboxylates (1099, R 2 = H) were 
prepared in 54-84% yields by the cyclization of N-(l-benzyl-2-pyr- 
rolyl)aminomethylenemalonates (1098, R 2 = H) in boiling Dowtherm A 
for 8-15 min or in 49-73% yields on the action of polyphosphate at 
90-125°C for 1.0-3.5 hr (85JHC1429). 
Af-Methyl-Af-(l-benzyl-2-pyrrolyl)aminomethylenemalonate (1098, R = 
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-- Me 

R = Me ,Et, 

R’= H , COOH .COOtBu 



COOR 


(1099 ) 


R 2 = Me,R’ = COOH) was cyclized by heating in polyphosphate at 100°C 
for 25 hr to afford l-benzyl-7-methylpyrrolo[2,3-fc]pyridine-5-carboxylate 
(1099, R = R 2 = Me) in 15% yield (85JHC1429). 

The reaction of semicyclic amidines and EMME afforded a mixture of 
isomeric pyrimidin-4-ones (1100), (1101) (80BEP-883216, 80GEP3017625; 
82JHC909, 82M14). 



n = 0 - 4 (1100) (1101) 


A detailed study of the reaction of semicyclic amidines and EMME 
revealed that the yields of isomeric pyrimidin-4-ones (1100) increased with 
increasing ring size ( n ) of the amidines when the ethanolic solution of the 
amidine was added dropwise to the ethanolic solution of EMME at - 10°C 
(see Table VIII) (82JHC909, 82MI4). 


TABLE VIII 


Yields of Isomeric Bicyclic Pyrimidin-4-one (1100) and 
Pyrimidin-2-one (1101), Formed in the Reaction of EMME 
and Semicyclic Amidine 


„ 

R 

(1100) 

Yield % 

(1101) 

Yield % 

References 

0 

H 

69.7 

16.0 

82JHC909 

0 

Me 

65.0 

32.0 

82JHC909 

1 

H 

72.0 

25.0 

82JHC909 

1 

Me 

84.0 

0.0 

82JHC909 

2 

H 

80.5 

8.9 

82JHC909 

2 

Me 

56.0 

0.0 

82JHC909 

3 

H 

80.0 

4.8 

82JHC909 

4 

H 

41.5 

In trace 

Unpublished 
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In the case of 2-aminopyrroline (n = 0, R = H), when EMME was 
added dropwise to the solution of amidine, 23% of 4-oxo isomer (1100, 
n = 0; R = H), and 72% of 2-oxo isomer (1101, n = 0; R = H) were 
obtained (82JHC909, 82MI4). The presence of a methyl substituent 
(R = Me) influenced the ratio of 1110 and 1101 (R = Me): in the five- 
membered series, it caused a higher yield of 2-oxoisomer (1101, R = Me), 
probably by enhancing the nucleophilic power of the ring nitrogen in the 
first step of the reaction. From higher homologous amidines (n = 1,2; 
R = Me), however, only 4-oxo derivatives (1100, n = 1,2; R = Me) were 
formed, and 2-oxo isomers (1101, n = 1, 2; R = Me) could not even be 
detected by TLC (82JHC909, 82MI4). 

Bicyclic pyrimidin-4-ones (1100, R = H, n = 0-3; R = Me, n = 1) 
were also prepared from the appropriate lactim ether and EMME in the 
presence of ammonia or ammonium acetate [73JAP(K)34897; 75MIP1]. 
Pyrimido[l,2-a]azepine-3-carboxylates (1100, R = H, Ph; n = 2) were 
prepared in the reaction of 7-aminotetrahydro-2//-azepines (R = H, Ph; 
n = 2) and EMME or in the reaction of O-methylcaprolactim and diethyl 
aminomethylenemalonate in ethanol [73JAP(K)34897; 75MIP1]. 

The reaction of 15 N-labeled amidines (« = 0 and 2) and EMME yielded 
condensed 4-oxopyrimidine-3-carboxylates (1100, n = 0 and 2) l5 N-la- 
beled at position 1 [85JCS(P2)1881]. 

The reaction of 3-aminopyrazole and EMME in the melt at 100°C for 
30 min gave a mixture of ethyl pyrazolo[l,5-u]pyrimidine-6-carboxylate 
(64) and diethyl 3-pyrazolylaminomethylenemalonate in 10% and 25% 
yields, respectively (70CB3252). The heating of diethyl 3-pyrazolylamino- 
methylenemalonate in boiling xylene or in boiling acetic acid for 3-6 hr 
gave pyrazolo[l ,5-u]pyrimidine-6-carboxylate (64) in 24% and 95% yields, 
respectively (70CB3252). 

The cyclocondensation of 3-aminopyrazoles and EMME in boiling 
acetic acid afforded pyrazolo[l ,5-a]pyrimidine-6-carboxylates (64 and 
1102) in good yields [59JOC779; 62CPB620; 70CB3252; 73GEP2257547; 
75MC312; 77GEP2648770, 77IJC(B)349, 77USP4021556; 82JMC235; 
85JHC601]. Pyrazolo[l,5-«]pyrimidine-6-carboxylate (64) was also pre¬ 
pared in the reaction of 3-aminopyrazole and EMME by heating in the 
melt at 110°C for 1 hr (712IJC201). 




R = 2- Me 


(1102 ) 


(1103) 
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The cyclization of diethyl N-(5-phenyl-3-pyrazolyl)aminomethylene- 
malonate by heating in the melt at 180°C gave 2-phenylpyrazolo[l,5-a]py- 
rimidine-6-carboxylate ( 1102 , R = 2-Ph) (81FES441). 

N-(l-Acetyl-3-methyl-5-pyrazolyl)aminomethylenemalonate ( 1103 ) was 
cyclized to pyrazolo[l,5-«]pyrimidine-6-carboxylate ( 1102 , R = 2-Me) in 
82% yield by heating in boiling diphenyl ether for 10 min (74AP177). 

The ring closure of N -(\-substituted 3-pyrazolyl)aminomethylenemalo- 
nates ( 1104 , R = Me, Et, R 1 = H) by heating in diphenyl ether at 220°C 
for 30 min afforded 2-substituted pyrazolo[3,4-b]pyridine-5-carboxylates 
( 1105 ) in 67-71% yields (76GEP2617157; 77GEP2646670, 77USP- 
4038281, 77USP4038283). 

At the same time, the cyclization of N -{\-substituted 3-pyrazolyl)amino- 
methylenemalonates ( 1104 ) by refluxing in a 1:4.4 mixture of polyphos- 
phoric acid and phosphoryl chloride for 30 min gave 1-substituted 
pyrazolo[l,5-a]pyrimidine-6-carboxylates ( 1105 ) in good yields (83GEP- 
3309432). 



R = Ph, CHjPh 
(1106) pyridyt 
R'= H, Me, Et 
R*=H,Me ,Cl ,E 


R i COOEt 

/ c=c 

K'irC iooEt 

Y 

(1104) 


R = Me , Et 


r'= r*= h 



(1105) 


1-Substituted pyrazolo[3,4-b]pyridine-5-carboxylates ( 1108 , R 3 = OH) 
were prepared in 44-86% yields on the cyclization of A(-(l-substituted 5- 
pyrazolyl)aminomethylenemalonates ( 1107 , R 2 = H) by heating in the 
melt at 240°C for 15 min or in diphenyl ether at 235-255°C for 15 min 
or in diphenyl ether at 235-255°C for 0.25-2 hr [68BRP1115254; 70GEP- 
2028869; 71GEP2028828, 71GEP2123318, 71GEP2125631, 71SAP887; 
72GEP2138528, 72GEP2138529, 72GEP2159600, 72GEP2159601, 

72JHC235, 72USP3669950; 73GEP2237765, 73GEP2258687, 

73GEP2261444, 73GEP2301268; 74AP177, 74FRP2200003, 

74GEP2333603, 74GEP2346466, 74GEP2356684, 74USP3840546; 

75GEP2446495, 75USP3925388, 75USP3928362, 75USP3928368; 76- 
USP3966746, 76USP3979399, 76USP3983128; 77CP1003419, 77- 

USP4020072; 78IJC(B)161; 82JPR557; 83EUP94175, 83EUP96995; 86- 
USP4563525; 87MI2; 893MC2561], 

The cyclization of N-ethyl-N-(l-alkyl-5-pyrazolyl)aminomethylene- 
malonates ( 1107 , R 2 = Et) by heating in a 2:1 mixture of acetic anhydride 
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(1109) 




COOEt 

-CH=C 

COOEt 


r 2 =h 


(1107) 



(1108) 


and concentrated sulfuric acid gave l-alkyl-7-ethylpyrazolo[3,4-b]pyrim- 
idine-5-carboxylates ( 1109 ) in good yields [73JAP(K)81892], 

4-Chloropyrazolo[3,4-b]pyridine-5-carboxylates ( 1108 , R 3 = Cl) were 
prepared in 69-89% yields by the cyclization of N-(l -substituted 5-pyra- 
zolyl)aminomethylenemalonates ( 1107 , R = Me, Et, Ph, R 1 = H, Me, 
Ph, R 2 = H) by heating in boiling phosphoryl chloride for 4 hr or 
10 hr (72JHC235; 73GEP2258687, 73GEP2301268; 74GEP2356684, 
74USP3840546; 76USP3966746, 76USP3979399; 88CJC420). 

The cyclocondensation of l-alkyl-5-aminopyrazoles and diethyl 2-ace- 
tylmalonates in polyphosphoric acid at 120-130°C for 1-3 hr gave ethyl 
1-substituted 6-methylpyrazolo[3,4-6]pyrimidine-5-carboxylates ( 1110 ) in 
48-80% yields (73GEP2237765, 73GEP2258687, 73GEP2261444; 74GEP- 
2333603; 75USP3925388; 82USP4364948; 83EUP94175; 86USP4463525; 
89JMC2561). 


COOEt 
+ MeCOCH 

COOEt 

R = Me, Et, Bu , (CH 2 ) 2 CHMe 2 , ( CH 2 h, Me , (CH 2 ) 2 CHMeCH 2 Me 
R’ = Me,Et (1110) 





The cyclization of /V-(l,2-isoxazoI-3-yl)aminomethylenemalonates 
( 1111 ) by heating in Dowtherm A gave isoxazolo[2,3-a]pyrimidinecarbox- 
ylates ( 1112 ) [82JAP(K)158789], 

2-Amino-4,5-diphenylimidazole was reacted with EMME to give imi- 
dazo[l,2-a]pyrimidine-6-carboxylate ( 1113 , R = R 1 = Ph) (51BSB69). 

The reaction of 2-aminoimidazole and EMME in boiling acetic acid 
for 3-6 hr yielded ethyl imidazo[l,2-a]pyrimidine-6-carboxylate ( 1113 , 
R = R 1 = H) (59JOC779). 

The reaction of 2-amino- 1-methylimidazole hydrochloride and EMME 
by heating in boiling ethanol in the presence of excess triethylamine over¬ 
night gave imidazo[l,2-a]pyrimidine-6-carboxylate ( 1115 , R = H) in 47% 
yield [82IJC(B)1030]. The similar reaction with 5-nitro-2-amino- 1-methyl¬ 
imidazole yielded only a condensation product ( 1114 , R = N0 2 ), which 
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COOEt 

NH-CH=(1 

COOEt 


R =Me,iPr,tBu.Ph.<*-FPh.R' 
R = R’= -(CHjk- ,-(CH = CHl f 




11112) 


•CODE) 


(1113) 


could be cyclized by the action of boiling acetic anhydride for 16 hr to 
imidazo[l,2-a]pyrimidine-6-carboxylate ( 1115 , R = N0 2 ) in 18% yield. 

2-Aminooxazole was reacted with EMME by heating in boiling trichloro¬ 
benzene for 2 hr to yield ethyl oxazolo[3,2-a]pyrimidine-6-carboxylate 
(73BRP1331059). 



R^^-~NHCH=( 


COOEt 


R ^U 




The heating of N-(4-methyl-2-thiazolyl)aminomethylenemalonate ( 1116 , 
R = 4-Me) in the melt at 150-165°C for 20 hr (64IZV1481) or at 200-215°C 
for 30 min (54JPJ966), or the reaction of 4-methyl-2-aminothiazole and 
EMME at 200°C for 2.5 hr (54JPJ966), afforded 3-methylthiazolo[3, 
2-6]pyrimidine-6-carboxylate ( 1117 , R = 3-Me). 

2-Aminothiazoles were reacted with EMME in boiling trichlorobenzene 
(59JOC779; 72JMC1203; 73BRP1331059; 77GEP2648770) or in boiling eth¬ 
anol for 5 hr (74CPB243) to give thiazolo[3,2-a]pyrimidine-6-carboxylates 
( 1117 ). Compounds 1117 were also obtained in good yields on the cycliza- 
tion of 2-thiazolylaminomethylenemalonates ( 1116 ) by heating in Dow- 
therm A at 215-230°C for 0.5-2.0 hr, and they were obtained in 24-26% 
yields in boiling toluene on the action of trifluoroacetic anhydride for 20-26 
hr (81FRP2470132). 
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R -£~N COOEt 

Sc>-NHCH=C 

COOEt 

(1116) 



( 1117 ) 


The reaction of 2-iminothiazolidines ( 1118 ) and EMME in boiling etha¬ 
nol afforded dihydrothiazolo[3,2-a]pyrimidine-6-carboxylates ( 1119 ) in 
good yields (73GEP2241241; 76GEP2264979). 

Diethyl AK2-methylthio-4-thiazolyl)aminomethylenemalonate ( 1120 ) 
failed to cyclize thermally or on heating in phosphoryl chloride 
(84JHC1361). 



(1118) R ' =H - Me (1119) 


The reaction of 5-amino-4-phenyl-1,2,3-triazole and EMME in refluxing 
ethanol in the presence of piperidine for 40 hr gave 48% of N-( 1,2,3-triazol- 
5-yl)aminomethylenemalonate (67) and 1% of l,2,3-triazolo[l,5-u]- 
pyrimidine-6-carboxylate ( 1121 ). When the reaction period was 96 hr, 
25% of the bicyclic compound ( 1121 ) was obtained. The heating of N- 
(l,2,3-triazol-5-yl)aminomethylenemalonate (67) in boiling ethanol in the 
presence of piperidine afforded 95% of triazolot 1,5-a]pyrimidine-6-carbox- 
ylate ( 1121 ) [71JCS(C)2156]. 

COOEt 
NHCH=C 

m*4? tom 

( 1120) 

Williams investigated the reactions between 3-amino-1,2,4-triazoles and 
EMME or 1-ethoxyethylidenemalonate (6IJCS3046; 62JCS2222). He as¬ 
sumed that 3-amino-1,2,4-triazoles reacted with EMME or 1-ethoxyethyli¬ 
denemalonate first via the primary amino group under acidic conditions, 
while under basic conditions, the ring nitrogen atom was involved in the 
first step of the cyclocondensation (61JCS3046). 

In boiling acetic acid for 3 hr, 3-aminotriazole and diethyl 1-ethoxyethyli- 
denemalonate gave 1,2,4-triazolo| 1,5-a ]pyrimidin-5-one (1122, R = H, 
R 1 = Me) in 39% yield. When this reaction was carried out in boiling 



11121) 
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n _Z NH 2 R 1 COOEf 

r-V n + 

H Ef-cr COOEf 

R = H ,Me 



(1122) 11123) 


ethanol in the presence of sodium ethylate for 6 hr or in boiling pyridine 
in the presence of triethylamine overnight, the isomeric[l,2,4]triazolo[l, 
5-a]pyrimidin-5-one ( 1123 , R = H, R 1 = Me) was obtained in 55% and 
34% yields, respectively. A 2:3 mixture of isomeric bicycles 1122 and 
1123 was obtained in 42% yield in boiling pyridine for 16 hr (61JCS3046). 

The reactions of 5-methylthio-3-amino- or 3,5-diamino-l,2,4-triazole 
and diethyl 1-ethoxyethylidenemalonate in boiling ethanol in the presence 
of sodium ethylate for 1.5-3.5 hr gave l,2,4-triazolo[l,5-a]pyrimidin-7- 
ones ( 1123 , R = MeS, NH 2 , R' = Me) in 44% and 20% yields, respec¬ 
tively. The reaction of 5-methylthio-3-amino-l ,2,4-triazole (R = MeS) and 
2-ethoxyethylidenemalonate in boiling pyridine for 4 hr gave 1,2,4-tria- 
zolo[l,5-a]pyrimidin-5-one ( 1122 , R = MeS, R 1 = Me) in 12% yield 
(61JCS3046). 

The reaction of 3-amino-1,2,4-triazole and EMME on heating in boiling 
trichlorobenzene (59JOC779), in boiling acetic acid (59JOC779; 
62JCS2222), or in boiling ethanol in the presence of sodium ethylate 
(62JCS2222) gave l,2,4-triazolo[l,5-a]pyrimidin-5-one ( 1122 , R = 
R' = H). A mixture of 1122 and 1123 (R = MeS, R 1 = H) was obtained in 
the reaction of 5-methylthio-3-amino- 1,2,4-triazole and EMME in boiling 
ethanol in the presence of sodium ethylate (62JCS2222). 

[1.2.4] Triazolo[l,5-a]pyrimidin-7-ones ( 1122 , R = H, MeS, R 1 = H) 
were also prepared by the cyclization of diethyl N-(l,2,4-triazol-3-yl)ami- 
nomethylenemalonate and 5-methylthio derivative ( 24 ) by heating in boil¬ 
ing acetic acid (62JCS2222). 

5-Benzylthio-3-amino-1,2,3-triazole was reacted with EMME in boiling 
ethanol in the presence of sodium ethylate for 12-24 hr to give 1,2,4- 
triazolo[l ,5-a]pyrimidin-5-one ( 1122 , R = PhCH^S, R 1 = H) in 67% yield 
(74GEP2327133; 82JMC420). 

[1.2.4] Triazolo[l,5-a]pyrimidin-7-ones ( 1122 , R = H, SH, COOH, 
COOMe, 2- or 4-pyridyl, R 1 = H) were prepared in moderate or good 
yields in the reaction of the appropriate 3-amino-1,2,4-triazole and EMME 
in boiling acetic acid for 3-18 hr [77GEP2648770 ; 80JCS(P1)1347; 
85EUP150507; 87GEP3522463; 88IJC(B)825], The mercapto derivative 
( 1122 , R = SH, R 1 = H) was obtained in higher yield (68% vs. 39%) when 
cyclocondensation was carried out in boiling ethanol in the presence of 
piperidine for 7 hr, and the reaction mixture was allowed to stand at room 
temperature overnight (85EUP150507). 
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Spickett and Wright investigated the reactions of 4-substituted 3-amino- 
1,2,4-triazoles and EMME in acetic acid for 24-48 hr [67JCS(C)503], 
Generally, they obtained [l,2,4]triazolo[l,5-a]pyrimidine-7-ones ( 1124 ) in 
38-56% yields. In the case of the benzyl derivative (R = CH 2 Ph), the 
isomeric triazolo[l ,5-a]pyrimidin-5-one ( 1125 ) was also isolated from the 
mother liquor, in 5% yield. From the 4-ethyl and 4-phenethyl derivatives 
(R = Et, CH 2 CH 2 Ph), 1-(1,2,4-triazol-3-yl)pyridin-2-ones ( 1126 ) were also 
obtained in 1-2% yields. 



R = Me, Et, PhCH 2 , PhCH 2 CH 2 (1124) (1125) 


In the reaction of 4-benzyl-3-amino-1,2,4-triazole and 1-ethoxyethyli- 
denemalonate under the previous circumstances, 7-methyl-1,2,4- 
triazolo[l,5-a]pyrimidin-7-one ( 1127 ) was prepared in 10% yield 
[67JCS(C)503]. 



(1126) (1127) 


The reaction of 3-amino-5,5-dimethyl-2-phenyl-l,2,4-oxadiazoline and 
EMME at 100°Cfor 1 hr or the heating of N-( 1,2,4-oxadiazolin-3-yl)amino- 
methylenemalonate ( 1129 ) at 120°C for 2 hr afforded [l,2,4]oxadiazolo[4, 
3-ci]pyrimidine-6-carboxylate ( 1128 ) (63JCS6028). 


COOEt 



(1128) (1129) 


N-(l,3,4-Oxadiazol-2-yl)aminomethylenemalonates(1130, X = 0)were 
cyclized by heating the melt at 180-200°C under vacuum for 3-7 hr, or 
in boiling Dowtherm A for 10-30 min, to give [l,3,4]oxadiazolo[3,2-a]- 
pyrimidine-6-carboxylates (1131, X = O) [67EGP56240; 70AP501; 
88IJC(B)293]. 
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N-N COOEt 

R-^-v-^NHCH=C 

COOEt 

(1130) 

l,3,4-Thiadiazolo[3,2-a]pyrimidine-6-carboxylates ( 1131 , X = S, R = 
Me, Et) were obtained in good yields by the reaction of 2-amino-1,3,4- 
thiadiazoles and EMME in boiling trichlorobenzene for 1 hr (59JOC779; 
73ABC1197). They were also obtained in 58% yield, by the cyclization of 
N-(l,3,5-thiadiazol-2-yl)aminomethylenemalonates ( 1130 , X = S, R = 
Me, Et) by heating the melt at 150-160°C in vacuo for 11 hr, or in 25-88% 
yields in a mixture of polyphosphoric acid and phosphoryl chloride at 
120°C for 30 min (84GEP3346223; 86FES737). 

2-Amino-5-mercapto-l,3,4-thiadiazole was reacted with EMME in boil¬ 
ing DMF for 16 hr to afford thiadiazolo[3,2,-a]pyrimidine-6-carboxylate 
( 1131 , X = S, R = SH) in 80% yield [85EUP150507], 

2-Benzylthio-l ,3,4-thiadiazolo[3,2-a]pyrimidine-6-carboxylate ( 1131 , 
X = S, R = PhCH 2 S) was prepared in 45% yield in the reaction of 2- 
amino-5-benzylthio-l,3,4-thiadiazole and EMME in polyphosphoric acid 
at 130-150°C for 15 min (87EUP238997). 

5-Amino-3-methyl-l,2,4-thiadiazole was reacted with EMME in boiling 
trichlorobenzene to give 1,2,4-thiadiazolo[4,5-a]pyrimidine-6-carboxylate 
( 1132 ) (59JOC779). 

Instead of the corresponding cyclized product, only the N-(l ,2,4-thiadi- 
azol-3-yl)aminomethylenemalonate ( 1133 ) was obtained in 12% yield from 
the reaction of 3-amino-5-ethoxycarbonylamino-l,2,4-thiadiazole and 
EMME in polyphosphoric acid at 110°C for 3 hr (77JHC621). 

The cyclocondensation of 2-amino-5-(4-morpholinyl)l,3,4-thiadiazole 
and diethyl 1 -ethoxyethylidenemalonate at 150°C for 20 min gave 7-methyl- 

1.3.4- thiadiazolo[3,2-a]pyrimidine-6-carboxylate ( 1134 ) in 34% yield 
(84GEP3346223). 

COOEt 

(1132 ) (1133) M13H 

The cyclocondensation of 2-amino-5-(4-morpholinyl and 3-pyridyl)- 

1.3.4- thiadiazoles and diethyl 1-ethoxyethylidenemalonate an diglyme at 
140°C for 20 hr gave the corresponding ethyl 2-substituted 7-methyl-l ,3,4- 



(1131) 
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thiadiazolo[3,2-a]pyrimidine-6-carboxylates in 14-25% yields after col¬ 
umn chromatography (86FES737). Reactions in ethanol or dimethylaceta- 
mide were unsuccessful. 

5-Aminotetrazole did not react with EMME (59JOC779). 

The ring closure of 3-indazolylaminomethylenemalonate ( 1135 ) by heat¬ 
ing in diphenyl ether at 160°C for 1 hr (76T493) or in Gilotherm at 255°C 
for 10 min (78GEP2822124; 80MI3) afforded pyrimido[l,2-6]indazolecar- 
boxylate ( 1136 ) in 73% and 90% yields, respectively. 

COOEt 



( 1135) (1136) 


The heating of N-(pyrazolo[l,5-a]pyridin-2-yl)aminomethylenemalo- 
nate ( 1137 ) in diphenyl ether at 240-250°C for 10 min afforded pyrido[l\ 
2': l,5]pyrazolo[3,4-6]pyridine-6-carboxylate ( 1138 ) in 69% yield 
[77JAP(K)17497, 77JAP(K)36695], 


OH 



(1137) (1138) 


4-Oxopyrimido[l,2-«]benzimidazole-3-carboxylate ( 1139 , R = H) was 
prepared in 27% yield by the reaction of 2-aminobenzimidazole and 
EMME by heating at 100°C for 5 min (72JMC1203), in 37% yield at 110°C 
for 30 min (73JHC71), in 51% yield in boiling ethanol for 5 hr (73CPB2019), 
in over 95% yield in boiling trichlorobenzene [73JCS(P 1) 1588], and in 95% 
yield in DMF at 80°C for 3 hr (78USP4072679, 78USP4109087, 
78USP4109091). Earlier, it was stated that the reaction product was the 
isomeric 2-oxo derivative ( 1140 ) (51BSB69), but this was later corrected 
by Chow et at. (73JHC71). 




(1139 


(1140) 
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10-Methylpyrimido[l,2-a]benzimidazole-3-carboxylate ( 1139 , R = Me) 
was obtained in over 95% yield, in the reaction of 2-amino-1-methylbenz- 
imidazole and EMME in boiling trichlorobenzene [73JCS(P1)1588], and in 
63% yield in boiling methanol for 15 min (79JOC1811). 

2-Benzoxazolylaminomethylenemalonates ( 1141 ) were cyclized by heat¬ 
ing in boiling diphenyl ether, Dowtherm A, or trichlorobenzene for 1- 
4 hr to give pyrimido[2,l-b]benzoxazole-3-carboxylates ( 1142 ) in 61-90% 
yields (72JMC1203; 73CPB2019; 79JOC1811). 

Pyrimido[2,l-6]benzothiazole-3-carboxylates ( 1144 ) were prepared in 
moderate or good yields by the cyclization of 2-benzothiazolylaminometh- 
ylenemalonates ( 1143 ) by heating in the melt at 190-210°C (68SAP7053, 
68YZ1003) in refluxing acetic anhydride (68SAP7053), in boiling trichloro¬ 
benzene (72JMC1203), in boiling Dowtherm A (73CPB2019) or in refluxing 
diphenyl ether (79JOC1811), or by the cyclocondensation of 2-amino- 
benzothiazoles and EMME in boiling trichlorobenzene [71JCS(C)2094; 
72JMC1203] or in Dowtherm A at 220°C (73JHC769). 


C00R 



HK3) imi>) 


8-Ethoxypyrimido[2,l-6]benzothiazole-3-carboxylate ( 1144 , R = 8- 
EtO) was prepared in 74% yield in the reaction of 2-acetamido-6-ethoxy- 
benzothiazole and EMME at 250-265°C for 1.5 hr (68YZ1003). 

Cyclopentano(g)-, cyclohexano(g)-, and cyclooctano(g)thiazolo[3,2- 
a]pyrimidinecarboxylates ( 1146 , R = R' = H) were obtained in good 
yields by heating the appropriate JV-(cycloalkano(t/)thiazol-2-yl)amino- 
methylenemalonate ( 1145 ) in Dowtherm A at 220-230°C for 25-120 min 
(81FRP2470132). Cyclohexano(g)thiazolo[3,2-a]pyrimidinecarboxylates 
( 1146 , n = 1, R = H, Me, R 1 = H, Me, Ph) were prepared in 68-84% 
yields by the cyclization of A r -(cyclohexano(t/)thiazol-2-yl)aminomethy- 
lenemalonates ( 1145 , n = 1) by the action of trifluoroacetic anhydride in 
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COOEt 

NHCH=C 

COOEt ' 


(,1145) n = 0-3 



0 

(1146) 


boiling toluene for 16-21 hr (81FRP2470132). Cycloheptano(g)thia- 
zolo[3,2-a]pyrimidinecarboxylate (1146, n = 2, R = R 1 = H) was also 
prepared in 62% yield in the reaction of 2-aminocycloheptano(</)thiazole 
and EMME by heating in Dowtherm A at 220-230°C for 2 hr 
(81FRP2470132). 

Hexahydropyrimido[2,l-6]benzothiazolecarboxylate (1147) was pre¬ 
pared in the reaction of 2-aminohexahydrobenzothiazole and EMME in 
boiling ethanol (73GEP2241241; 76GEP2264979). The stereochemistry of 
the compound was not determined. 

7,8-Methylenedioxypyrimido[2,l-6]benzothiazolecarboxylate (1148) 
and pyrido[3',2': 4,5]thiazolo[3,2-a]pyrimidinecarboxylate (1149) were 
prepared in the reaction of 2-amino-5,6-methylenedioxobenzothiazole and 
2-amino-6-methoxypyrido[2,3-d]thiazole with EMME in Dowtherm A at 
220°C (73JHC769). 



(1147) (1148) (1149) 


Naphtho[l',2':4,5]- and naphtho[2',l':4,5]thiazolo[3,2-a]pyrimi- 
dinecarboxylates (1150 and 1151) were prepared by the cyclization of 
A f -(naphtho[l,2-c(]thiazol-2-yl)- and N-(naphtho[2,l-t/]thiazol-2-yl)ami- 
nomethylenemalonates, by heating in acetic anhydride (68SAP7053). 
N-(Naphtho[l,2-i/]thiazol-2-yl)aminomethylenemalonate was also cy- 
clized in boiling trichlorobenzene (72JMC1203) or in refluxing Dowtherm 
A (85AP84). 

Tetracyclic nitrogen bridgehead pyrimidinecarboxylate (1152) was ob¬ 
tained in 49% yield by the cyclization of N-(benzo[4,5]cyclohepta[t/]thia- 
zol-2-yl)aminomethylenemalonate in boiling diphenyl ether for 0.5 hr 
(69NKZ569). 

3-Aminopyrazolo[3,4-6]pyridine was reacted with EMME in acetic acid 
to give pyrido[2',3':3,4]pyrazolo[l,5-tf]pyrimidine-3,9-dicarboxylate 
(1153) in 95% yield [77IJC(B)349]. 

The heating of N-(l,2,4-triazolo[3,4-i»]benzoxazol-3-yl)aminomethy- 
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lenemalonate (99) in boiling xylene for 4 hr afforded pyrimido[l',2': 1,5]- 
l,2,4-triazolo[3,4-6]benzoxazole-3-carboxylate (1154) in 70% yield. The 
tetracyclic compound (1154) was obtained in 68% yield in a one-pot proce¬ 
dure when 3-amino-1,2,4-triazolo[3,4-b] benzoxazole and EMME were re¬ 
acted in boiling xylene for 8 hr (89H925). 


COOEt 



(11531 (1154) 


The cyclocondensation of 2-amino-3//-azepine and EMME in boiling 
butanol for 1 hr gave a roughly 3:1 mixture of the isomeric 4//, 10//- 
and 4//,6//-pyrimido[l ,2-a]azepine-3-carboxylates (1155 and 1156) in 68% 
yield. The isomers could be separated by fractional crystallization. 4//,- 
6//-Pyrimido[l,2-a]azepine-3-carboxylate (1156) was probably formed 
from the 4//, 10// isomer (1155) in a symmetry-allowed [ 1,5]-sigmatropic 
shift (84H2285). 



(1155) (1156) 


The ring closure of N-OH- 1,4-benzodiazepin-2-yl)aminomethylene- 
malonate (1157) by heating in Dowtherm A at 240-248°C for 10 min af¬ 
forded pyrimido[l ,2-a]-l ,4-benzodiazepinecarboxylate (1158) in 56% yield 
(74GEP2400449). 
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6-Aminomorphanthridine was reacted with EMME in 1,2,4-trichloro¬ 
benzene under nitrogen at 100°C for 1 hr, then at reflux temperature for 
3 hr, to give 53% of dibenzo[c/]pyrimido[l,2-a]azepin-4-one (1159) and 
1% of dibenzo[c/]pyrimido[l,2-a]azepin-2-one (1160) (80JHC341). 



(1159 1 (11601 


The thermal cyclization of N-(5//-pyrrolo[2,l-c]-l,4-benzodiazepin-ll- 
yl)aminomethylenemalonates (97) by heating in boiling Dowtherm A for 
1-2 hr gave 10//-pyrimido[l,2-a]pyrrolo[2,l-c]-l,4-benzodiazepine-3-car- 
boxylates (1161) in 68-86% yields (85CP1197242, 85JHC305). Compound 
97 (R = R 1 = H) was also cyclized in ethanol in the presence of sodium 
ethoxide at ambient temperature to afford tetracyclic compound 1161 
(R = R 1 = H) in 87% yield (85CP1197242, 85JHC305). 

The ring closure of 7V-dibenzo[6/]-l,4-thiazepin-l 1-yl- and [5-(2- 
dimethylaminoethyl) - 5 H - dibenzo[6,/] - 1.4 - diazepin - 11 - yl]amino - 
methylenemalonates (95, X = S, N—CH 2 CH 2 NMe 2 ) was carried out in 
boiling trichlorobenzene for 3-4 hr to give tetracyclic nitrogen bridgehead 
derivatives (1162, X = S, N—CH 2 CH 2 NMe 2 ) in good yields (80JHC341). 



(1162) 


(1161 ) 
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B. Cyclization of Alkylidene Aminomethylenemalonates 

1. Introduction 

The heating of cycloalkylidene phenylaminomethylenemalonates (1163) 
in the melt at 245°C, in Dowtherm A between 175-245°C, in dibenzyl 
ether at 250°C, or in boiling nitrobenzene for a few minutes, gave 4- 
hydroxyquinolines (1164) [e.g., 69BRP1147760; 87T4803; 88JAP(K)- 
239269]. 

When (3-substituted phenyl)aminomethylenemalonate (1163, 3-R = H) 
was applied, a mixture of 5-substituted and 7-substituted 4-hydroxyquino- 
lines (1164, 5-R + H and 7-R + H) was obtained. For example, the ther¬ 
mal cyclization of (3-nitrophenyl)aminomethylenemalonate in dibenzyl 
ether at 250°C afforded a 3 : 1 mixture of 7-nitro- and 5-nitro-4-hydroxy- 
quinolines (1164, R = 7-N0 2 and 5-N0 2 ). 4-Hydroxyquinolines (1164) 
could also be prepared when a mixture of anilines, triethyl orthoformate, 
and isopropylidene malonate was slowly heated to 100°C in Dowtherm A, 
stirred over a period of 30 minutes, and then raised to a temperature of 
250°C. 



(1163) ° R'=Me,Pr |ii 6 i,) 


The cyclization of isopropylidene l-(phenylamino)alkylidenemalonates 
(1165) in diphenyl ether at 250-260°C under nitrogen, or in boiling Dowth¬ 
erm A, gave 2-substituted 4-hydroxyquinolines (1166) in 63-96% yields 
(69BRP1147760; 87S482). 

When the reaction mixture of 4-chloroaniline, triethyl orthoformate, 
and isopropylidene methylmalonate in Dowtherm A was heated slowly, 
stirred to reflux, and maintained at reflux for 3 minutes, 6-chloro-4- 
hydroxy-3-methylquinoline (1167) was obtained (69BRP1147760). 


,/=v ' c=c ' - ' 

r \> nh Me 


R = Me, Et, Pr, Ph 
R’=H .Me.Cl.Br.NOj 


OH 


(1167) 
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Similarly, 4-hydroxybenzo[/i]quinoline (1168) (69BRP1147760), pyri- 
do[l ,2-<i]pyrirnidin-4-ones (1169) [69BRP1147760; 75USP3907798; 77JCS- 
(Pl)789; 85JHC481, 85SC125; 86EUP218423; 89TL1529], pyrimido[l,2- 
a]pyrimidin-4-ones (1170) (69BRP1147760), pyrimido[l,2-c]pyrimidine 
(1171) (89TL1529), 5-hydroxypyrido[2,3-c(]pyrimidines (1172, R + H) 
(84USP4432981), pyrimido[l ,2-6]pyridazin-4-ones (1173) (69BRP1147760; 
83H2225; 88JHC1535), pyrazino[l ,2-o]pyrimidin-4-one (1174) (69BRP- 
1147760), thiazolo[3,2-a]pyrimidin-5-one (1175) (85SC125), pyrazolofl, 
5-a]pyrimidin-7-one (1176) (85BEP902150), pyrimido[l,2-a]quinoline 
(1177) (69BRP1147760; 75USP3907798), 10-hydroxy-4-oxo-4T/-pyrano[2, 
3-/]quinoline (1178) (69BRP1147760), 4-hydroxy-1,7-naphthyridine (1179) 
(69BRP1147760), and pyrimido[l,2-c]quinazolinone (1180) (81EUP30156) 
were prepared by thermal cyclization of the corresponding isopropylidene 
(het)arylaminomethylenemalonates. 



11168 ) (1169) (1170) ( 1171 ) ( 1172 ) 



(1173) (1174 ) (1175 ) (1176 ) 



( 1177 ) ( 1178 ) ( 1179 ) (1180) 


The thermal cyclization of isopropylidene 3-pyridylaminomethylene- 
malonate (1181) afforded 4-hydroxy-1,5-naphthyridine (1182), while 
that of isopropylidene 3-quinolinylaminomethylenemalonate (1183) gave 
l-hydroxybenzo(/)-l,7-naphthyridine (1184) (69BRP1147760). 

4-Hydroxy-l ,7-phenanthroline (1185), 10-hydroxy-1,7-phenanthroline 
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(1183) (1184) 


(1186), 1 -hydroxy-4,7-phenanthroline (1187), and 4-hydroxy-1,10-phenan- 
throline (1188) were prepared by the thermal ring closure of isopropylidene 
5-, 6-, 7-, and 8-quinolinylaminomethylenemalonate, respectively, in boil¬ 
ing Dowtherm A for 3-5 min (69BRP1147760). 



(1185 ) (1186) (1187) (1188) 


The cyclization of isopropylidene A-(6-substituted 2-pyridyl)amino- 
methylenemalonates (1189), by heating in mineral oil or in Dowtherm 
A, generally afforded 6-substituted pyrido[l,2-a]pyrimidin-4-ones (1190), 
except for the 6-acetamido derivative (1189, R = NHAc) which, in boiling 
Dowtherm A for about 5 min, gave a 1 : 1 mixture of 6-acetamidopyri- 
do[l,2-a]pyrimidin-4-one (1190, R = NHAc) and 7-acetamido-4-hydroxy- 
1,8-naphthyridine (1191) in 86% yield (69BRP1147760; 75USP3907798; 
85JHC481). However, when 1189 (R = NHAc) was added to preheated 
Dowtherm A with a reaction period of 4 min, 79% of pyrido[l ,2-a]pyrim- 
idin-4-one (1190, R = NHAc) and 6% of 1,8-naphthyridine (1191) were 



COOEt 


(1189) 


(1190) 


(1191) 
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obtained, while in 1 min, 87% of 1190 (R = NHAc) and only 2% of 1191 
were prepared [77JCS(P 1)789], 

The ring closure of isopropylidene jV-(6-methyl-2-pyridyl)aminomethy- 
lenemalonate N-oxide by heating in diethyl phthalate at 275°C for 2 min 
gave 1,8-naphthyridine N-oxide (1192) (74USP3856800, 74USP3857851; 
75USP3869464, 75USP3873554, 75USP3876650, 75USP3882132). 

The thermal ring closure of isopropylidene jV-[amino(thio)carbonyl]ami- 
nomethylenemalonates (439, X = O, S) in boiling diphenyl ether for 5 min 
afforded uracil and thiouracil (1193, X = O, S) in 68% and 70% yields, 
respectively (84SC961). 


V Me 

i- 


4 - 

(1192) 



(1193 ) 


The thermolysis of isopropylidene acylaminomethylenemalonates (455) 
in the melt at 160-190°C for about 10 min, or in boiling decalin for 2 hr, 
gave 1,3-oxazin-6-ones (1194) in 36-93% and 33-74% yields, respectively 
(86CPB1980). 


R'C0HN /C "^C-0 ; 'Me “* [„,A 0 | 

(455) R = Me - p h;R 1 =Me,Et,iPr,tBu,Ph,PhCH 2 ' ' 

Rosoxacin was obtained in 16% yield by the cyclization of isopropyli¬ 
dene 7V-ethyl-./V-[3-(4-pyridinyl)phenyl]aminomethylenemalonate in pol- 
yphosphoric acid at 125-137°C for 30 min [77JAP(K)116460], 

Isopropylidene 2-pyridyl- and 2-quinolinylaminomethylenemalonates 
(1195) were cyclized in boiling phosphoryl chloride by the action of poly- 
phosphoric acid at 135-140°C. When the formation of hydrogen chloride 
gas ceased, the reaction mixtures were treated with an alcohol or water 
to afford the corresponding alkyl 4-oxopyrido[l ,2-u]pyrimidine-3-carbox- 
ylates or alkyl l-oxopyrimido[l,2-u]quinoline-2-carboxylates (1196, 
R 2 = alkyl) in 51-96% yields or to afford carboxylic acids (1196, R 2 = H) 
in 64-84% yields (79MIP2; 80MIP3; 84S152). 

The 6-ethoxycarbonyl derivative (1195; R = 6-COOEt; R 1 = H) gave 
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diethyl N-(6-ethoxycarbonyl-2-pyridinyl)aminomethylenemalonate (1197) 
in 48% yield (84S152). 

Isopropylidene N-cyclopropyl-N-[6-(4-ethoxycarbonylpiperazin-1 -yl)- 
5-fluoropyridin-2-yl]aminomethylenemalonate (428) was cyclized in a mix¬ 
ture of acetic anhydride and concentrated sulfuric acid at 50-60°C for 2 hr 
to give 1,8-naphthyridine-3-carboxylic acid (1198) in 68% yield 
(85EUP153163, 85EUP153828, 85EUP159174; 86EUP172651; 88EUP- 
265230). 


R ‘Ok.„, = Vo w "' 

-y. 


NHCH=C^ 
( 1195) 



RiH.6-Me.5 - ,4-,5-,6-C00Et, R ( = H ^ 
R=R’= 5,6 -ICH=CH) 2 - 




COO Et 

EtOOC^N^NHCH=C R = H , Me , Et, Pr 
COOEt iPr,Bu,CH 2 Ph 


11197) 



11196) 


Isopropylidene N-ethyl-A r -(4-pyrimidinyl)aminomethylenemalonates 
(1199) were cyclized by heating in a mixture of poly phosphoric acid and 
phosphorus pentoxide at 100°C for 1 hr to give pyrido[2,3-t/]pyrimidine-6- 
carboxylic acids (1200) in 50-65% yields [83JAP(K)23692]. Higher yields 
(~86%) were achieved when the cyclizations were carried out in polyphos¬ 
phate [83JAP(K)72583], 


F rW C00H _^-°y/ Me __ nVt CC 

•nA N A||K RnAnAn.CH-C^^ RnAmA N J 

R 1 Et rf 6 R 1 it 


f "N" .. .. 

EtOOCN^J 


( 1199) 

R =R'= Me.Et, 
R = Me,R = Et 


t1200) 

Ar 2 , R = H, alkyl ,CH 2 Ph ,(CH 2 ) 2 CN 
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When )V-ethyl-/V-[2-(4-benzylpiperazin-l-yl)pyrimidin-4-yl]aminometh- 
ylenemalonate [1199, PhCH 2 N(CH 2 CH 2 ) 2 ] was heated in polyphosphoric 
acid at 190-200°C for 5 min, and the reaction mixture was treated with 
aqueous sodium hydroxide, pyrido[2,3-c/]pyrimidinecarboxylic acid [1200, 
R = R 1 = PhCH 2 N(CH 2 CH 2 ) 2 ] was obtained in 20% yield [81JAP(K)99480]. 

Isopropylidene 2-quinoxalinylaminomethylenemalonate was treated in 
methylene chloride with polyphosphoric acid at 60°C to give pyrimido[l ,2- 
a]quinoxaline-2-carboxylic acid (1201) in 97% yield (83EUP86723). 

The cyclization of isopropylidene 1-indolinylmethylenemalonates (1202) 
was carried out in polyphosphoric acid at 100°C to yield pyrrolo[3,2,l- 
y]quinoline-2-carboxylic acids (1203) [82BEP891046, 82BEP891537; 
83JAP(K)90511], Further pyrrolo[3,2,l-</']quinolinecarboxylic acids 
were prepared similarly, in 82-86% yields [82BEP891046. 82BEP891537, 
82JAP(K)2285], 



R’sH ,Me 


Benzo[y]quinolizine-2-carboxylic acids (1205) were also obtained in 
good yields by the cyclization of isopropylidene 1-tetrahydroquinolinyl- 
methylenemalonates (1204) by the action of polyphosphoric acid at 
100-130°C for 0.5-1 hr [82BEP891046, 82BEP891537, 82JAP(K)2285, 
82JAP(K)16882; 83JAP(K)90511 ]. 

Flumequine was prepared in 84% yield by the cyclization of isopropyli¬ 
dene (6-fluoro-2-methyl-1,2,3,4-tetrahydroquinolin-1 -yl)methylenemalo- 
nate in polyphosphoric acid at 120-130°C for 30 min [82JAP(K)2285], 



(1204) 
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Isopropylidene (1,4-benzoxazin-4-yl)methylenemalonate (1206, R = 
Ac) was heated in polyphosphoric acid at 65°C for 2 hr to give pyri- 
do[l,2,3-de]-l,4-benzoxazine-6-carboxylic acid (1207, R = Ac) in 57% 
yield (84EUP106489; 85EUP153163). 

Pyrido[l,2,3-de]-l,4-benzoxazine-6-carboxylic acid (1207, R = F) was 
prepared in 93% yield by the cyclization of isopropylidene (1,4- 
benzoxazin-4-yl)methylenemalonate (1206, R = F) in a mixture of concen¬ 
trated sulfuric acid and acetic anhydride [84JAP(K) 122493]. Compound 
1207 was also prepared in 58% yield in a mixture of concentrated sulfuric 
acid and acetyl chloride [84JAP(K)216890]. 



Isopropylidene (6,7-methylenedioxytetrahydroquinaldin-l-yl)methy- 
lenemalonate (1208) was cyclized by heating in polyphosphoric acid at 
120-130°C for 1 hr to yield the tetracyclic carboxylic acid (1209) 
[82JAP(K)16882], 



Pyrido[3,2,l-/'A:]carbazolecarboxylic acids (1211) were prepared in good 
yields by the cyclization of isopropylidene 9-hexahydrocarbazolylmethy- 
lenemalonates (1210) on the action of polyphosphoric acid, prepared from 



(1210) 


(1211 ) 
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phosphorus pentoxide and phosphoric acid, at 120-140°C for 30-40 min 
[82JAP(K) 16882], 

The heating of isopropylidene arylaminomethylenemalonate (1212) in 
boiling diphenyl ether under nitrogen for 5 min gave tricyclic pyrano[2,3,4- 
de]quinoline (1213) in 66% yield after flash column chromatography 
(87T4803). 



o 

(1212) 



(1213) 


2. Flash Vacuum Pyrolysis of 
Isopropylidene Aminomethylenemalonates 

Flash vacuum pyrolysis (at 10 5 -10~ 3 torr and 370-800°C) of isopropyli¬ 
dene aminomethylenemalonate gave a wide variety of products, and the 
mechanism of this reaction was investigated by several authors. 

Wentrup et al. demonstrated the formation of imidoylketene (1214), 
methyleneketene (1215), and ethynamine (1216) during the flash vacuum 
pyrolysis (10 -5 torr) of isopropylidene aminomethylenemalonate by colli¬ 
sion activation mass spectroscopy and 1R spectroscopy (88JA1337). The 
imidoylketene (1214) appeared first at a pyrolysis temperature of 390°C. 
As the temperature was increased, the imidoylketene (1214) was rapidly 
converted into methyleneketene (1215). The formation of ethynamine 
(1216) was prominent in the temperature range 680-740°C, and it was 
accompanied by a sharp decrease in the signal of methyleneketene (1215), 
whereas the imidoylketene (1214) was less affected. Compounds 
1214-1216 were stable at -196°C, but they polymerized on warm-up. 

McNab and his co-workers reported that the pyrolysis of monosubsti- 

o N 

Hv c =c' C-0 'c /Me 4 
HjN 7 ^C-o'Yle 400 ° c 




2130 cm -1 
(1214) 


(1215) 


J 2155 
(1216) 
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tuted aminomethylenemalonates (1217) is controlled by tautomerization of 
the intermediates (1218) to give imidoylketenes (1219 and 1220) [83CC957; 
84JCS(P1)2129]. Imidoylketenes (1219 and 1220) were trapped by an aro¬ 
matic ring or by sequences of 1,5-hydrogen shifts (Scheme 47). Thus, a 
phenylamino derivative (1217, R = Ph) gave 4-hydroxyquinoline (1221), 
and a cyclohexylamino derivative (1217, R = cyclohexyl) gave (cyclohex- 
ylamino)acrylaIdehyde (1222). The suggested mechanism for the formation 
of (cyclohexylamino)acrylaldehyde (1222) was justified by the use of deut- 
eriated (cyclohexylamino)methylenemalonates (1217, R = cyclohexyl 
deuteriated at positions *, b, and c) [84JCS(P 1 )2129]. 

Wentrup and co-workers also studied the flash vacuum pyrolysis of 
isopropylidene (monosubstituted amino)methylenemalonates (84JOC- 
2772). The pyrolysis of isopropylidene phenylaminomethylenemalonates 
(1223) between 400 and 600°C under a pressure of 10~ 5 -10~ 3 torr afforded 
4-hydroxyquinolines (1226) in 57-66% yields. The intermediates (1224 and 
1225) of the pyrolysis of isopropylidene phenylaminomethylenemalonates 
(1223) could be isolated at -196°C on KBr or BaF 2 windows in a special 
apparatus allowing direct IR spectroscopic examination of the pyrolysates 


o 



(1217) (1218) (1219) 



Scheme 47 
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R = Me V 2123 cm-' 

(1225) (1226) 

Scheme 48 


(Scheme 48). The very slow pyrolysis of the (4-methylphenyl)amine deriv¬ 
ative (1223, R = Me) at 540°C and 10 5 torr resulted in IR absorption at 
2079 cm -1 , indicating the presence of methyleneketene (1224, R = Me). 
Under less carefully controlled pyrolysis conditions at higher pressure, 
the 2079 cm" 1 absorption was accompanied by an absorption at 2123 cm" 1 , 
pointing to the presence of imidoylketene (1225, R = Me). Above 600°C, 
both intermediates disappeared and quinoline (1226, R = Me) was the 
only product. 

In the case of isopropylidene cyclopentylaminomethylenemalonate 
(1227, R = H), the presence of the methyleneketene (1228, R = H) at 
500°C (6 x 10“ 6 torr) was supported by the IR absorption at 2086 cm" 1 , 
recorded at -196°C. The imidoylketene (1229, R = H) was observed as a 
weak band (together with a stronger band for 1228) at 2122 cm" 1 at a 
pyrolysis temperature of 370°C (84JOC2772) (Scheme 49). An experiment 
was also carried out with the N-deuterio derivative (1227, R = D). In 
contrast with the experiment of McNab et al. (83CC957) (see previously), 
deuterium was present at position 2 of the acrylaldehyde side-chain (1230). 
No occurrence of deuterium in the pyrrolidine ring was detected. It was 
suggested that the hydrogen shift observed by McNab et al. must succeed 
the formation of the enaminoacrolein to give a product deuteriated in the 
ring. This could happen in McNab’s experiments because the pressure in 
the flash vacuum pyrolysis apparatus used by McNab (10 2 torr) was 
significantly higher than that in Wentrup’s study (10' 4 -10“ 6 torr). This led 
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0 

Scheme 49 

to a longer contact time and to more collisions with the walls, which might 
catalyse the hydrogen shifts. 

The preparative pyrolyses of aliphatic and cycloaliphatic aminomethy- 
lenemalonates (1231) afforded enaminoacroleins (1232) in 44-91% yields 
(84JOC2772). 





The pyrolysis of isopropylidene N-(a-methylbenzyl)aminomethylene- 
malonate (1233) at 600°C and 10“ 2 torr gave 3-(l-phenylethylidene)amino- 
acrylaldehyde (1234) in 46% yield [84JCS(P 1)2129]. 
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1,3 CH 3 Z \\' H 1,5 

Ph" C %^ C '-H 




(1234) 


The flash vacuum pyrolysis of isopropylidene N,iV-disubstituted ami- 
nomethylenemalonates (e.g., 1235, 1237) was studied by McNab 
et al. [83CC957; 85CC213; 86JCS(PI) 1465; 87CC138; 88JCS(P1)863, 
88JCS(P 1)869, 88JCS(P2)759]. They obtained 1,5,5-trisubstituted 2- 
pyrrolin-4-ones (e.g., 1236, 1238) in 38-75% yields. 

Hydrogen transfer occurred on the pyrolysis of the monodeuteriated 
(dicyclohexylamino)methylenemalonate (1237, R = D) [83CC957; 86- 
JCS(P1) 1465]. It was revealed by NMR spectroscopy that the transferred 
deuterium was located exclusively at C(3) of the pyrrolinone moiety (1238, 
R = D). The copyrolysis of compounds 1235 and 1237 (R = D) showed 


Me 0 Me 

CH-N-CH=C C 
Me / 1 'C-0 7 'Me 

O »' 

(1235 ) 



(1236 ) 


0 & 

0 


,C-0 X ,Me 600 °C 

=c c v --- 

'c-0 /X Me 10‘ 2 torr 




(1238) 


( 1237 ) 


R = H, 0 
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that the hydrogen transfer was a highly specific intramolecular process. 
The observed isotope effect (k H /k D ) was —1.9, which indicated that the 
hydrogen transfer was rate-determining. The isotope effect seemed to be 
independent of temperature between 500-600°C [86JCS(P1)1465]. 

In a study of the flash vacuum pyrolysis of chiral isopropylidene N- 
isopropyl-N-(a-methylbenzyl)aminomethylenemalonates, (/?)- and (5)- 
(1239), McNab and Monahan demonstrated the existence of another inter¬ 
mediate (1242) in the reaction pathway from the methyleneketene (1240) 
to the pyrrolinone (1243) [87CC138; 88JCS(P 1)869], Pyrolysis of the enan¬ 
tiomers (/?) and (5) of compound 1239 resulted in the formation of an 
enantiomeric mixture of l-isopropyl-5-methyl-5-phenyl-2-pyrrolin-5-one 
(1243), where incomplete chirality loss was observed (see Scheme 50). 

Flash vacuum pyrolysis of other isopropylidene A/,A/-disubstituted 
aminomethylenemalonates (1244) also gave 1-substituted pyrrolin-4-ones 
(1245) [84HCA1402; 85CC213; 88JCS(P 1)863]. 

When N-[ l3 C]methyl-iV-phenylaminomethylenemalonate (1244, R = 
Ph, R 1 = R 2 = H) was used, the l-phenylpyrrolin-4-one (1245, R = Ph, 
R 1 = R 2 = H) labeled at position 5 with 13 C was obtained in 40% yield 
(88JCS(P2)759], 


0 

R* V-0 Me 

CH-N-CH=C C 

R 1 A ;c-0' 'Me 

0 

(1244) 

R = Et, R’= Me ,R J =H 


R’=Me. Ph.R* = H 
R = iPr, R= R = Me; R = Me , 

R = Me, r'= R*= H 
R = cydoheptyl, R'= r 3= - (CH 2 ) t - 

D-m.Ph D'-Dh D*-U 


Generally, little regioselectivity was observed when unsymmetrical di- 
substituted aminomethylenemalonates (1246) were pyrolysed, but the N- 
methyl derivative (1246, R = R 1 = H) gave a mixture of 1247 and 1248 
(R = R 1 = H) with a predominance of the 1-substituted 2-unsubstituted 
pyrrolone (1247, R = R 1 = H) [88JCS(P1)863]. Perhaps the reaction was 
sensitive to steric effects. N-Benzyl derivatives (1246, R = H, R 1 = Ph) 
gave only 2-phenylpyrrolinones (1247, R = H, R 1 = Ph) [88JCS(P 1)863]. 

The pyrolysis of isopropylidene A r ,N-bis-(a-methylphenyl)aminomethy- 
lenemalonates (1249) afforded a 68:32 diastereomeric mixture of 1250 and 
1251 in 13% yield [88JCS(P 1)869], 

The flash vacuum pyrolysis of isopropylidene (cyclic amino)methyl- 
enemalonates yielded nitrogen bridgehead bicycles. The pyrolysis of the 
2-methyl- and cw-2,6-dimethylpiperidino derivatives (1252 and 1255) gave 
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H N N Ph 
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a nearly 1 : 1 mixture of the isomeric indolizinones (1253, 1256 and 1254, 
1257) in 60% and 32% yields, respectively [83CC957; 88JCS(P1)863, 
88JCS(P1)869, 88JCS(P2)759]. 

In the case of the enantiomers of isopropylidene N-(l -substituted tetra- 
hydroisoquinolin-2-yl)aminomethylenemalonates (1258), complete loss of 
chirality was observed, with racemic tricyclic derivatives (1259) being 
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formed. In this case, a low-energy, planar configuration of a dipolar inter¬ 
mediate (such as 1242) would be encouraged by conformational effects in 
the six-membered ring to lead to the formation of a racemic mixture 
[87CC138; 88JCS(P1)869]. 

However, the flash vacuum pyrolysis of dihydrophenanthridinylmethy- 
lenemalonate (1260) gave only phenanthridine in 43% yield [88JCS- 
(P 1)863]. 



11260) 



Wentrup and co-workers investigated the flash vacuum pyrolysis of 
isopropylidene (l-methylpyrrolidin-2-ylidene)malonate (1261) (86CC369) 
(Scheme 51). When the pyrolysis was carried out at 450°C (10 -4 torr, 
contact time 10“ 5 sec), and the product was condensed on a cold finger at 
-I96°C, (pyrrolidinylidene)malonic anhydride (1262) could be identified. 
Malonic anhydride (1262) in chloroform solution at -20°C lost carbon 
dioxide to give methyleneketene (1263), which was reacted with a few 
drops of water or methanol to yield acrylates (1264). Flash vacuum pyroly¬ 
sis of 1261 at higher temperature (800°C) gave pyrrolopyrrolone (1265). 
The products were characterized by IR and l3 C-NMR data. 


CL< 


'c-o k 
o' • 

( 1261 ) 


450 °C 
- MeCOMe 






.-1 /00R ROH 

R = H,Me 
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Scheme 51 
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7V-Methyl homologues of 1261 (1266, n = 0-2) gave bicyclic pyrrolones 
(1267, n = 0-2) in 73-78% yields (85TL833). 


B W'V e 

CH 3 'c-o'he 
0 

(1266 ) 


580°C 
10"* torr 



n = 0-2 


■‘CD, 


Depending on the reaction temperature (460-600°C), a mixture of 
bicyclo[(n + 3)3.0]pyrroles (1271) and cyclic enamino esters (1273) was 
prepared in good yield by the flash vacuum pyrolysis (10 -4 —10 -5 torr) of 
isopropylidene (l-alkyl-l-azacycloalk-2-ylidene)malonates (1268, R = H, 
Me), when the products were condensed on a liquid nitrogen-cooled finger 
covered with methanol (88JOC5680). A higher temperature resulted in an 
increase in the percentage of bicyclic products (1271), and at above 600°C, 
only the heterocycles (1271) were isolated. From the 1-benzyl and 1- 
ethoxycarbonylmethyl derivatives (1268, R = Ph, COOEt), only bicyclic 
products (1271, R = Ph, COOEt) were obtained, even at a lower tempera¬ 
ture (480°C). Bicyclic products (1271) were probably formed from interme¬ 
diate ketenes (1269) through an intramolecular 1,4-hydrogen migration 


c 


R n = 0 , R = H,Me,Ph,COOEt 

( 1268) n = 1 ,R = H,Ph (1269) 
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(1276 ) (1275 ) 

Scheme 52 


(1270), followed by a 677 electrocyclization. The ethoxycarbonyl derivative 
(R = COOEt, n = 0) exists in enolic tautomeric form (1272). 

Dhimane et al. studied the flash vacuum pyrolysis of isopropylidene 
[l-(a>-chloroalkyl)-l-azacycloalk-2-ylidene]malonates (1274) at 570°C and 
10 ~ 4 torr (87TL885; 89T6161) (Scheme 52). They obtained bicyclic esters 
(1276) in 35-45% yields when the pyrolytic products were condensed on 
a cold finger at -196°C, covered with methanol, and triethylamine was 
introduced at the end of the reaction. Pyrolysis of the pyrrrolidine deriva¬ 
tive (1274, n = 0, m = I) without methanol on the cold finger afforded the 
bicyclic carboxylic chloride (1275, n = 0, m = 1), which was converted 
to ester (1276, n = 0, m = 1) by treatment with a mixture of methanol and 
triethylamine. 

The flash vacuum pyrolysis of isopropylidene (l-allyl-l-azacycloalk-2- 
ylidene)malonate (1277) at 460-680°C and 10 - 5 —10 -3 torr yielded a mixture 
of bicyclic azepines (1278) and pyrrolinones (1279) (85TL833) (Scheme 
53). The ratio of 1278 and 1279 shifted towards the lower homologue (1279) 
at higher reaction temperature. 

The gas-phase pyrolysis of vinylogous systems of isopropylidene amino- 
methylenemalonates (1280,1287, and 1290), prepared from the appropriate 
enaminone or dienaminone and Meldrum’s acid in pyridine, was studied 
by McNab et al. at 500°C and 10 torr (87CC140). Flash vacuum pyrolysis 
of 1280 gave 1//-azepinones (1283) in —60% yields, together with a small 
amount of cyclopentadienone dimer (1284). They suggested that the azepi¬ 
nones (1283) were formed by electrocyclization from dipolar intermediates 
(1282) produced from the methyleneketenes (1281) by hydrogen transfer 
(Scheme 54). Cycloaddition of 1282 yielded bicyclics (1285), which col- 
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lapsed to azomethines (1286) and cyclopentadienone, which then dimer¬ 
ized to 1284. 

AMsopropyl-TV-methyl derivatives (1287) afforded a mixture of 1 H- 
azepinones (1288 and 1289) and 1284 (87CC140). 

The flash vacuum pyrolysis of a higher homologue (1290) yielded ben- 
zamide, instead of the nine-membered azoninone, in 73% yield (87CC140). 
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N,./V-Dimethylbenzamide was probably formed either by the electrocycli- 
zation of the triene segment of 1290 or by the early intermediate from the 
cleavage of Meldrum’s acid, followed by dimethylamine migration. 


C. Cyclization of 2-AzacycloalkylidenemaIonates 

Cyclization of diethyl [3-(4-acetyl-l-piperazinyl)-4-fluorophenyl-l,3- 
thiazetidin-2-ylidene]malonate (1291) in polyphosphoric acid at 120°C for 
1 hr gave a mixture of l,3-thiazeto[3,2-a]quinoline-3-carboxylate (1292, 
R = Et; 25%) and 3-carboxylic acid (1292, R = H; 20%) (87BRP2190376). 
Ring closure was also carried out in fuming sulfuric acid at 100°C for 5 min 
to afford l,3-thiazeto[3,2-n]quinoline-3-carboxylic acid (1292, R = H) in 
98% yield. 


<nK, 




.K'N 

k^NAc 


O' 

AcN^J 




The treatment of hydantoin derivatives (1293) with alkali metal hydrox¬ 
ide in boiling aqueous ethanol for 1-2 hr gave orotic acid derivatives (1294) 
in good yields (82EUP52341). 
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4-MePh. 4-ClPh 

( 12 %) 


The reaction of diethyl malonate and 2-aryl-4-methylthioquinazoline-3- 
oxides (1295) in boiling acetonitrile, in the presence of potassium tert- 
butoxide for 24 hr under nitrogen, afforded isoxazolo[2,3-c]quinazolines 
(1297, via 1296, in 57-61% yields (87SC1449). 



(1295) (1296) 11297 ) 


Diethyl (l,3-thiazolidin-2-ylidene)malonates (1298) were cyclized by 
heating in polyphosphoric acid at 80-120°C for 1.5-3.0 hr to give thia- 
zolo[3,2-a]quinolines in 43-98% yields (82EUP58392). Thiazolidinylide- 
nemalonates (1298, R 1 = H) containing a mew-substituted phenyl ring 
gave a mixture of isomeric thiazolo[3,2-a]quinolines (1299 and 1300). 



(1298) (1299) (1300) 


The cyclization of (thiazolo[4,3-c]-l,4-benzoxazin-l-ylidene)malonate 
in polyphosphate at 138°C for 1.5 hr gave the tetracyclic derivative (1301) 
in 61% yield [88EUP286089; 89JAP(K)117888], 



(1301) 
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D. Further Ring Closures 

The thermolysis of diethylaminomethylenemalonate (1302) in mesity- 
lene at 160°C for 6 hr yielded anthranilate (1303), but when the reaction 
was carried out in heptanol, only reesterified aminomethylenemalonate 
was obtained (88JOC880). 

Heating /V-methyl-/V-phenylaminomethylenemalonate (1304) in a dis¬ 
tillation apparatus at 240°C for about 20 min afforded anthranilate (1305) 
in 56% yield (88JOC880). 


Et 2 N ^COOEt 
Me Y=c' 

'c =CH 'COOEt 
H,c' 

(1302 ) 


Et 2 N COOEt 

-K 

hc n c=o 


COOEt 



( 1303) 


Me 

PhN COOEt 

” X 

C=CH COOEt 

h/ 

(1304) 


Me COOEt 
PhNv^k^OH 

XJ 

(1305) 


The reaction of diaminomethylenemalonate (1306) and benzoyl chloride 
in the presence of triethylamine in boiling chlorobenzene for 6 hr afforded 
2-azetin-4-ones (1307) in 48-73% yields (77ZOR954). 

H 2 N COOR PhC0 w 0 

Y=C - PhCOCl —- Of 

r'nh coor 3 r’hn' v coor 

(1306) (1307) 

The Dieckmann cyclization of aminomethylenemalonates (1308) in boil¬ 
ing ethanol for 45 min, by the action of alkoxide, gave pyrrole-2,4-dicar- 
boxylates (1309) in 24-86% yields (77HI821; 78CPB2224). Pyrrole-2,4- 
dicarboxylate (1309, R = H,R| ^:Et) was also prepared in 71% yield from 
1308 (R = H, R 1 = Et) by reaction with sodium hydride in boiling benzene 
for 4 hr (78CPB2224). The 1-phenyl derivative (1309, R = Ph, R' = Et) 
was prepared in 52% yield in an exothermic reaction of 1308 (R = Ph, 
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H WOEt EtOOC OH R =H,Me,PhCH 2 ,Ph 

R -/ =C 'C00Et - V" C00R ’ Et, tBu 

R'OOCCH, R 

(1308 ) (1309 ) 

R 1 = Et) in ethanol in the presence of sodium hydride (60%, in oil) 
80T2125). 

3-Hydroxypyrrole-2,4-dicarboxylate (1309, R = H, R 1 = Et) could be 
prepared in 30% yield in the reaction of ethyl /V-ethoxycarbonylglycinate 
and EMME in the presence of sodium sand in a mixture of benzene and 
xylene at reflux temperature for 3 hr (62JA635). 

5-Hydroxypyrrole-2,4-dicarboxylates (1311) were obtained in 51-55% 
yields in the cyclocondensation of aminomalonates (1310) and EMME in 
boiling ethanol for 4 hr in the presence of sodium ethoxide (75FES917; 
84M18). In the first step, the central carbon atom of the aminomethy- 
lenemalonates (1310) reacted with EMME, and not the amino group. 

COOEt Et00C \_ 

EMME ♦ RNH-CH -- 

I HQ'^-ii^'COOEt 

COOEt i 

R=Ac,Ph, R1 R = H ,Ph, 2-naphthyl 

2-naphthyl l U10) 11311) 


3-Formylpyridin-4-ones (1313) were obtained in 75-95% yields when 
solutions of monosubstituted aminomethylenemalonates (1312) in THF 
were dropped at reduced pressure (20 torr) at 410°C through a heated 
vertical pyrex tube filled with small pyrex balls (83S946). 

. R l 00 ^ r’^A^cho 

R-CH,CHNHCH=C -- 7l |J 

COOEt R^N^ 

(1311) (,313) 

R = R?= -tCHjlf. n = 3,4. 


Ochiai and Ito reported that the reaction of ethyl acetoacetate and 
diethyl aminomethylenemalonate (13) in the presence of hydrogen chloride 
gave 4-hydroxypyridine-3-carboxylate (1314) at room temperature, while 
in the presence of sodium in boiling benzene, the product was 2-methyl-4- 
hydroxypyridine-3,5-dicarboxylate (1315) (41CB1111). Aqui et al. proved 
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that in the latter case 4-methyl-2-oxopyridine-3,5-dicarboxylate (1316) was 
formed (75JHC1245). 


V M rnn „ I COOEt 

rfV 00Et - -co +Hj nch=c 

^N^Me HCl ch, COOEt 

COOEt 

11314) 


MB) 


EtOOC^k^. COOEt 



11316) 

Denzel and Hans claimed that in the reaction of 3-aminocrotononitrile 
and EMME at 140-145°C for 2 hr, 4-hydroxy-5-cyano-6-methylpyridine- 
3-carboxylate (1317) was formed in 61% yield (73GEP2322073), but they 
later stated that the product was 2-hydroxy-5-cyano-6-methylpyridine-3- 
carboxylate (1318) (80USP4223142). 

The reaction of ethyl 3-aminocrotonate and EMME at 100°C for 40 hr 
gave diethyl 2-hydroxy-6-methylpyridine-3,5-dicarboxylate in 15% yield 
(41CB1 111). 


NC-^JL^COOEt 140-165 °C 
Me^N^ 2h 

61 % 


NCv^\-C00Et 

Me A N A 0 H 


The treatment of isopropylidene phenylaminomethylenemalonates 
(1319) with ethyl cyanoacetate or malononitrile in the presence of po¬ 
tassium hydroxide in DMF at 90°C afforded the potassium salts of deriva¬ 
tives of Meldrum’s acid in 74% yields, which were converted without 
isolation to pyridones (1320) in 91% yield on the action of aqueous hydro¬ 
chloric acid [78ZN(B)1550]. 

The heating of jY-hydroxy-N-phenylaminomethylenemalonate (300) in 
dioxane or cyclohexane for 2 hr, or in the melt at 140°C, afforded 5- 
isoxazolone (1321, R = Ph) in 60-90% yields (24JCS1456; 63TL1365; 
65T2735). 5-Isoxazolones (1321, R = Ph, 4-MePh, PhCH 2 ) were also pre- 
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( C-0 fie 7 

r Vnhch=c C ♦ CH 2 

'— C-0 Me ru 


H 3 0* 


CtE-c' V 

NSC 7 '*' * ';C-° 'Me 


R = H,Cl 

R’ = CN ,COOEt, I* - N0 2 Ph 
R z = COOH.H 


RNHOH ♦ EMME — 
R =Ph. t-MePh.PhCHj 



(1321) 


pared in 50-60% yields in the reaction of N-substituted hydroxylamines 
and EMME in boiling ethanol (74G715). 

Bis(isoxazole) (1323) was prepared in 62% yield when hydroxy-(5- 
methylisoxazol-4-yI)methylenemalonate (1322) was reacted with hydrox- 
ylamine hydrochloride in boiling ethanol for 3 hr [88JCS(P1)1875]. 

The treatment of amidrazones (1324) in ethanol with sodium ethylate at 
reflux temperature for 2 hr afforded pyrazolecarboxylate (1325) in 30% 
yields (77BCJ957). In the case of 2-pyridylamidrazone (1324, R = 2-pyri- 
dyl), the hydrazine derivative (1326) was also isolated in 8% yield. 


HO COOEt 

rVloOET -HONtVHQ 
^O^Me 


HOHN COOEt' 

f _/=<j 

N OL COOEt 
N^Me 



( 1322 ) 


( 1323) 


^NNHCH=C - 

ioOEt 

R = Ph, 2-pyridyl 


W 0H _ NH HN _ 

9 ‘ 



Sec. D] CYCLIZATION OF 1-AMINOALKYLIDENEMALONATES 277 

A solution of methylhydrazine in methanol was added dropwise to a 
solution of dimethyl methoxymethylenemalonate in methanol. The initial 
reaction was exothermic, and the rate of addition was controlled to achieve 
reflux. The reaction mixture was kept boiling for an additional 4 hr to give 
pyrazolecarboxylate (1327) in 81% yield (88JOC810). Arylhydrazono- 
methylenemalonates gave l-aryl-2-pyrazolin-5-ones in boiling aqueous so¬ 
dium hydroxide for 12 hr (87GEP3617554). 


COOEt 

MeNHNH 2 ♦ MeOCH=C 

COOEt 


COOMe 

MeNHNH—CH=C 

COOMe 


COOEt 

v° 

tie 

(1327 I 


The ring closure of the amidine derivative (1328) in refluxing ethanol 
in the presence of sodium ethylate afforded pyrimidin-4(3//)-one (1329) 
(59BCJ188). 



(1328) (1329) 


The reaction of amidines and EMME, for example in boiling ethanol in 
the presence of sodium ethylate, afforded pyrimidin-(3//)-4-one in good 
yields (e.g., 46JOC741; 81MI5; 82USP4315933). The relevant literature is 
not treated in the present review. This can be found in more specialized 
books (62MI1; 70MI1; 85MI1). (Only a few examples are mentioned here) 
(Scheme 55). 



A 


COOEt 

CH 2 —- 


COOEt 


EtOOC 

C=CHNH 2 

EtOOC 


EtOOC 

-C=CHN=CH-NH 2 

EtOOC 



Scheme 55 
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Ethyl 4-hydroxypyrimidine-5-carboxylate was obtained in 90% yield in 
the reaction of 1,3,5-triazine and diethyl malonate in the presence of 
diethylamine in ethanol for 14 days (77AP353). 

The cyclocondenzation of benzamidine and morpholino- or piperidino- 
methylenemalonates in boiling ethanol for 2 hr yielded ethyl 2-phenylpyri- 
midine-5-carboxylate (1330) (64JMC68). 


PhC, 


COOEt 

OcH=C 
W toOEt 
X = 0,CH, 



11330! 


The heating of aminomethylenemalonate (1331) in pyridine at 160°C for 
4 hr did not give 2-methylthiopyrimidin-(3//)-4-one (1332) (81JOC3956). 


fi-CH=N-N=c' l j 00Et 

W V NHCH=C 

Cl COOEt 

11331) 




( 1332 ) 


COOEt 


The cyclization of aminomethylenemalonates (1333) in boiling benzene 
for 1 hr afforded 4-(3//)-oxopyrimidine-3-carboxylates (1334) in 80-81% 
yields (88CPB1963). 

4-Oxopyrimidine-5-carboxylates (1336) were prepared in 50-82% yields 
by the cyclization of aminomethylenemalonates (1335) in diphenyl ether 
at 225°C for 1.25-75 hr, or in 38-71% yields in the reaction of N-arylami- 
dines and EMME at I40°C for 18-20 hr [82IJC(B)228j. 


Ph, 

R‘ 


COOEt 

,NHCH=C 


COOEt _ 
R = H, Me 



(1334) 



COOEt 

=C __ 

COOEt 

R*=Ph,Me ,SMe 


^ COOEt -- 

R’=Ph,SMe 



♦ EMME 


(1335) 


( 1336) 
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Dialkyl A(-(aminocarbonyl)aminomethylenemalonates (1337, R = H) 
were treated with aqueous potassium hydroxide at room temperature. The 
pH of the reaction mixtures was then adjusted to 2 with hydrochloric acid, 
and the mixtures were heated at 80°C to give 2,4-dioxotetrahydropyrimi- 
dine-5-carboxylates (1338, R = H) in 90% yields [80JAP(K)104271], When 
the cyclizations were carried out in boiling methanol in the presence of 
sodium methylate for 10 min, compounds 1338 (R = H) were prepared in 
74-84% yields (81CPB3181). 

The cyclization of dimethyl (V-(methylaminocarbonyl)aminomethy- 
lenemalonate (1337, R = R 1 = Me) in boiling methanol in the presence 
of sodium methylate afforded 3-methyl-2,4-dioxotetrahydropyrimidine-5- 
carboxylate (1338, R = R 1 = Me) in 62% yield (77GEP2714392). 

The reaction of tetrahydropyranylurea (1339) and EMME in ethanol in 
the presence of sodium ethylate at ambient temperature for 7 days gave 
the sodium salt of 2,4-dioxotetrahydropyrimidine-5-carboxylate (1338, 
R = tetrahydropyranyl, R' = Et) in 40% yield. When the reaction was 
performed at 40°C, partial hydrolysis of the ester group occurred, while 
at reflux temperature the acid (1338, R 1 = H) was obtained (80H769). 


RNHCONHCH=C 



o v ^nh, 

* EMME 

(1339) 


2,4-Dioxotetrahydropyrimidine-5-carboxylates (1341) were prepared in 
50-72% yields, by the cyclization of AKaminocarbonyOaminomethy- 
lenemalonates (1340) in alcohol by the action of sodium alcoholate, or in 
48-97% yields in the reaction of ^-substituted urea and EMME in ethanol 
in the presence of sodium ethylate at room temperature for several days. 
Compounds 1341 were also prepared in 41 and 62% yields, respectively, 
in the reactions of A/-methyl- and )V,N'-dimethylurea and EMME in the 
melt at 120°C for 24 hr (52JA4267). 


0 COOEt 
RNHCNCH=C 

R’ COOEt 




1 

RNH 


EMME 


R = R’= Me 

R =H, alkyl, aryl. R’=H 


11340) 


(1341) 
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The cyclocondensation of guanidine derivatives (1342) and EMME [e.g., 
81ZC101; 86JAP(K)87672, 86JAP(K)91176; 87USP4666915] or diethyl 4- 
morpholinyl- or A,A-diethylaminomethylenemalonates (87USP4666915) 
by heating in a solvent (e.g., ethanol, dioxane, dimethylformamide, water), 
in the presence of a base (e.g, sodium ethylate, potassium carbonate) gave 
2-amino-4-(3//)-oxopyrimidine-5-carboxylates (1343) in 58-82% yields. 


^ NH COOEt ^ N R = H.R’=Ar 

N-C + R 2 CH=C -- XX R = R’= 

* 'NH 2 COOEt 


(1342) R^Et.NEt.-NQD 


0 

( 1343) 


An excess of trifluoroacetonitrile was gradually added with vigorous 
stirring at 60°C to the potassium salt of diethyl malonate, prepared from 
diethyl malonate and potassium terf-butoxide, under nitrogen in THF. The 
reaction mixture was then allowed to cool to ambient temperature and 
was diluted with water. When the mixture was extracted again with diethyl 
ether, and the aqueous layer was acidified with concentrated hydrochloric 
acid and extracted again with diethyl ether, the pyrimidine-5-carboxylate 
(1344) was obtained in 88% yield after evaporation of the dried ethereal 
solution. In another case, when the aqueous reaction mixture was ex¬ 
tracted with methylene chloride, the aqueous layer was treated with 50% 
aqueous sodium hydroxide, the mixture was refluxed for 2 hr then cooled 
and acidified with concentrated hydrochloric acid, and the reaction mix¬ 
ture was heated again while a stream of hydrogen chloride was slowly 
passed in, 2,6-bis(trifluoromethyl)-4-hydroxypyrimidine (1345) was ob¬ 
tained in 72% yield after the work-up process (89JHC7). 


COOEt 

CF 3 CN + CH" — 

fooEt 


HN K / C00Et 

+CFjCN 

F 3 C / X COOEt 



2-5% aq NaOH I A 


_ Et00C Y^N An _ 

FjC^N^CFj FjC^N^CFj 


u 

FjC-X^CFj 
NaOH J A 

OOC'An 

FjC-^N^CFj 


(1344 ) 


(1345 
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(Bisamino)methylenemalonates (1346, R = R 1 ) were reacted with aryl 
isocyanates in boiling chlorobenzene for 3-4 hr to give pyrimidine-5- 
carboxylates (1348) in 28-52% yields (76ZOR2253). When ethyl, methyl 
amino(butylamino)methylenemalonate (1346, R = Et, R 1 = Me, R 2 =# 
Bu) was reacted with phenyl isocyanate, the methyl ester (1348, R 1 = Me, 
R 2 = Bu) was obtained in 38% yield. In the case of (bisamino)methylene- 
malonate (1346, R = R 1 = Et, R 2 = H) and phenyl isocyanate, malonate 
1347 (R = R 1 = Et, R 2 = H) was also isolated, which could be cyclized 
to the corresponding pyrimidine (1348, R 1 = Et, R 2 = H). 


H 2 N COOR ArNHCOHN ^OOR 

v C=c' ♦ ArNCO -- Y=C 

R 2 Hn' 'COOR 1 R*HN 'COOR' 


I 1346 ) 


R *Me ,Et. R'=Me,Et 
R = H,Pr,Bu ; AnPh, 4-ClPh 11347 ’ 



Bis(guanidinium)bromides were reacted with EMME in boiling ethanol 
in the presence of sodium ethoxide for 24 hr to give bis(pyrimidines) (1349) 
in 15-45% yields (84JHC209). 

The cyclocondensation of phenylguanidines and EMME in boiling etha¬ 
nol for 4 hr afforded 2-aniIinopyrimidine-5-carboxylates (1350) in 32-77% 
yields (89CPB1780). 



R = H , Me , R 1 = Cl. Me . Et. S alkyl. 0 iBu , 

R z = H , Cl .Me (1350) 


Boiling aqueous ethanolic solutions of 2-benzothiazolylaminomethy- 
lenemalonates (1351) in the presence of sodium hydroxide for 30 min gave 
1-substituted 2,4-dioxopyrimidine-5-carboxylic acids (1352) in 52-70% 
yields (79GEP2810863, 79SAP1053). 
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[1351 ) R =H,Me ; R' = H ,Me 



(1352) 


The heating of aminomethylenemalonates (1353, R 2 = Ph) in acetic acid 
at 90°C for 1.5-3.0 hr gave 1,2,4-triazoles (1354, R 2 = Ph) in 59-82% 
yields, together with diethyl malonate (85JOC5513). When compound 1353 
(R = R 1 = H, R 2 = Ph) was refluxed in formic acid for 2.5 hr, 1,2,4- 
triazole (1354, R = R 1 = H, R 2 = Ph) was obtained in only 43% yield. 


R 2 ^COOEt 

R^ 'c=N CH=c( H,0 + 

< dr NH C00E1 -- 

R 1 V 
SMe 
( 1353 ) 

R 2 


- Et00CCH 2 C00Et 



(1354) 


R 2 

R. L- 

HC" *N—CH 
R* t^d(H 
SMe 


COOEt 

-CH 

iooEt 


R = H , r'= Me .Et , Ph 
R = R’s H , Me 
R 2 = H , Ph 


The acetaldehyde derivative (1353, R-R 2 = H) was heated in boiling 
toluene in the presence of trichloroacetic acid for 30 min to afford 1,2,4- 
triazole (1354, R-R 2 = H) in 2% yield (85JOC5513). 

The heating of solutions of aminomethylenemalonates (1355, R = Me, 
Et; R 1 = Me, R 2 = Me, /Pr) in aqueous acetic acid at 70°C for 2 hr gave 
bis(l,2,4-triazol-l-yl)alkanes (1356, R = Me, Et, R 1 = Me, R 2 = Me, /Pr) 
in 33-60% yields, after the work-up process [88JCS(P 1)1897]. From the 
derivative of 1355 (R = Me, R 1 = Me, R 2 = Et), compound 1356 
(R = Me, R 1 = Me, R 2 = Et) was obtained in 30% yield in 93% aqueous 
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COOEt r' 

R 1 ^NHCH=C p-N—C —|j|—p 

C=N-N=C COOEt ‘ * r2 NJyN 

V SR SR SR 

R = Me .Et; R*=Me ,Et; R 2 =Me.Et 
(1355 ) (1356 ) 


Lt 


acetic acid at 70°C for 2 hr, but 3-methylthio-1 H-1 ,2,4-triazole (90%) was 
the product when 63% aqueous acetic acid was applied. 

The similar reactions of aldehyde derivatives (1355, R = Me, R 1 = Me, 
Et, R 2 = H) in 63% aqueous acetic acid at 70°C for 2 hr gave two types of 
bis(triazoles) (1356, R = Me, R 1 = Me, Et, R 2 = H, and 1357, R 1 = Me, 
Et) in 47-54% and 8-11% yields, respectively [88JCS(P1) 1897]. When a 
mixture of aminomethylenemalonates (1355, R = Me, Et, R 1 = R 2 = Me) 
was heated in 93% aqueous acetic acid at 70°C for 2 hr, a mixture of 
two symmetric bis( 1,2,4-triazoles) (1356, R = Me, Et, R 1 = R 2 = Me), 
an unsymmetric bis( 1,2,4-triazoles) (1358), and l-isopropenyl-l//-l ,2,4- 
triazoles (1359, R = Me and Et) was isolated from the reaction mixture 
[88JCS(P1) 1897]. 


fi— N " 

V 

SMe 



R'= Me.Et 


Me 

^ Ae Ayl 

SMe SEt 




(1357 ) 


( 1358 ) ( 1359 ) 


n ' ooEt — 

^N^NHCH=C 

COOEt 

O^NHCH=N-N=CHNH'^0 


C i) HN (jOOEt _ — 

^NH-C-CH - CH 2 (C00Etl 2 ^N>^NHCH=NNH 2 
COOEt 


__ O'N— n _A___ QU— n 


The reaction of diethyl 2-pyridylaminomethylenemalonate and hydra¬ 
zine at room temperature gave 4-(2-pyridyl)-5-(2-pyridyl)amino-1,2,4- 
triazoline (1360) and diethyl malonate, while in boiling ethanol it afforded 
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4-(2-pyridyl)-1,2,4-triazole (1361). Compound 1360 could be transformed 
into 1361 by heating or by treatment with strong base. 4-(3-Pyridyl)- and 
4-(2-pyrazinyl)-l,2,4-triazole were prepared similarly. Phenylaminometh- 
ylenemalonate did not react with hydrazine hydrate in ethanol at ambient 
temperature, but under reflux, 5-hydroxypyrazole-4-carboxylate (14, 
R = H) was obtained. Pyrazolecarboxylate (14, R = H) was also prepared 
from N-(4-ethylphen yl)aminomethylenemalonate and 1 -piperaziny lmethy- 
lenemalonate under similar reaction conditions (70T3069). 

Pyrazole (1363) was prepared in 67% yield when hydrazinomethylene- 
malonate (1362) was heated in 3% aqueous sodium hydroxide solution at 
97-98°C for 48 hr (88GEP3728278). 


^COOEt 

H Oo 

ClYv^Cl 

Y 1 

(1363) 

The reaction of dimethyl amino(butylamino)methylenemalonate (1364) 
and (V-(chlorocarbonyl)isocyanate in benzene afforded (l,3,5-triazin-2- 
ylidene)malonate (1365) in 52% yield and the hydrochloride salt of the 
starting material (1364 x HC1) (76ZOR2253). 

Bu COOMe 

n 
o 

(1365 ) 

The reaction of 5,5-dialkylsulfurdiimides (1366) with dimethyl bis(meth- 
ylmercapto)methylenemalonate (R 2 = R 3 = SMe, R 4 = Me) at 65°C for 
24 hr, or with diethyl (I-chloroethylidene)malonate (R 2 = Me, R 3 = Cl, 

Rx *nh r * /WOR 1 rL-U-^r 2 

,s ♦ c=c -- ii T 

r'" %h r 3 ' \oor 4 Nv n coorI ’ 

R = R’=Me,Et,PhCH 2 , (CH 2 ) t 
R 2 = R 3 = SMe; R 2 =Me ; R 3 =Cl ; R l =Me,Et 3 


H 2 N ^COOMe 
CICNCO ♦ Y=c' 

(j BuHN COOMe 

(1364) 




(13661 
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R 4 = Et) in methylene chloride in the presence of triethylamine, afforded 
5-methylthio- and 5-methyl-3-oxo-3//-IA 6 , 2,6-thiadiazine-4-carboxylates 
(1367, R 2 = MeS and Me), respectively, in 13-35% yields (86CB1745). 

The cyclization of sulfamidoaminomethylenemalonate (1371, R = 
R' = H, R 3 = Et) in ethanol by the action of sodium ethylate at ambient 


rhnso 2 nh 2 ♦ 

(1368 ) 


RHNS0 2 -Nhr 

(1371) 



r' COOMe 

RHNS0 2 CI ♦ 'c=c 
(1369) H * N COOMe 
(1370) 

R =Me.iPr,Bu,CH 2 Ph.-^?> 
R’= H .Me ,Ph '“ / 

R*= H .COOR 5 
R 3 =Me.Et 


temperature for 12 hr gave l,2,6-thiadiazine-4-carboxylate (1372, 
R = R 1 = H, R 2 = COOEt) (78JHC253). 3-Unsubstituted 1,2,6-thiadia- 
zine-4-carboxylates (1372, R = H,R ! = H,R 2 = COOMe) were prepared 
in 25-41% yields in the reactions of substituted sulfamides (1368) and 
dimethyl methoxymethylenemalonate in boiling methanol in the presence 
of sodium methoxide for 8 hr (79LA950). 3-Substituted 1,2,6-thiadiazines 
(1372, R 4 H, R 1 4- H, R 2 = H) were obtained in 29-96% yields when 
aminomethylenemalonates (1370, R 1 = Me, Ph) were first reacted with 
alkylsulfamoyl chlorides (1369, R = iPr, Bu, cyclohexyl) in toluene in the 
presence of triethylamine, followed by evaporation to give residues which 
were treated with 1 N sodium hydroxide solution for 6 days. The treat- 



1 1373 ) ( 1374 ) (137S ) 



( 1376 ) ( 1377 ) ( 1378) 
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ment of l-(sulfamido)ethylidenemalonates (1371, R = /Pr, cyclohexyl, 
R 1 = R 3 = Me) with 0.1 N sodium hydroxide solution for 6 days at ambient 
temperature also afforded 3-substituted 1,2,6-thiadiazines (1372, R = /Pr, 
cyclohexyl, R 1 = R 2 = Me) (79LA950). 

The reactions of 5-acyl-2,2-dimethyl-4,6-dioxo-l,3-dioxanes (1373) with 
urea, thiourea, sulfamide, hydroxylamine, or 1-substituted hydrazines 
gave monocyclic six- and five-membered heterocycles (1374-1378) in good 
yields [79JAP(K) 106466]. 

The reactions of isoxazolin-5-ones (1379) with 1 mol of phosphoryl 
chloride and DMF in boiling chloroform for 1.5 hr afforded 1,3-oxazin-6- 
ones (1381) in 69-74% yields via aminomethylenemalonate derivatives 
(1380) (87JOC3426). If 2 mols of Vilsmeier-Haack reagent were used in 
boiling carbon tetrachloride for 2 hr, then 1381 (R = H) and the amino- 
methylenemalonamate derivative (1382) were obtained in 8% and 76% 
yields, respectively, from 1379 (R = H). 


R W C00Et Me,NCH0 
Hl %>*0 POCl, 

11379) 



R COOEt 

ijN. 'c=C 
/ C=N COOEt 
Cl 

11380) 


— NrW-COOEt Me ; NCH0 
MejN-^O-^O poa 3 

(1381) R H 


H / C_N/ CONMe, 
( 1382 ) 


The treatment of 1-pyrrolylmethylenemalonic acid (118) with phospho¬ 
rus pentachloride in methylenechloride at ambient temperature gave 1- 
oxo-1//-pyrrolizine-2-carbony 1 chloride (1383) in 42% yield (82CB706). 

(Pyrrolidin-2-ylidene)acetate (1384) reacted with EMME in benzene on 
the carbon atom instead of the nitrogen. The condensation was followed by 
cyclization to give tetrahydroindolizinone (1385) in 60% yield (83H1099). 


/-c°ci 


COOEt 



(1384 ) 


( 1383 ) 


( 1385 ) 
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The heating of [2-(3,4-dimethoxyphenyl)ethylamino]methylenemal- 
onates (1386) in 24% aqueous hydrochloric acid gave tetrahydroisoquino- 
line-l-acetic acid hydrochlorides (1387) in good yields (56JOC336; 
761JC784). 



:ooEt 


(1386 ) 


~ MeoA^Y NH 
r'=h,cooh ^cooh 

(1387 ) 


From N-(2-chlorocarbonylphenyl)aminomethylenemalonate (1388), nei¬ 
ther the dihydroquinoline (1389) nor the benzazetidone derivative (1390) 
could be obtained (73IJC1332). 


ox: 


•CH=C 

COOEt 


COOEt 
^NHCH=C 
L nn COOEt " 


COOEt 

COOEt 


The ring closure of ylides (1391) by heating in boiling xylene for 1.5 hr 
afforded pyrazolof 1,5-u]pyridine-3-carboxylates (1393) in 14-25% yields 
[73JCS(P1)2580]. The pyrazolo[l,5-a]pyridines (1393) were probably 
formed from the intermediate dihydropyrazolo[l,5-a]pyridines (1392) by 
the formal elimination of ethyl formate. 



113911 R'= H, Me,COMe,COOEt 113921 


The electrochemical cyclization of bis(aminomethylenemalonates) 
(1394) in acetonitrile containing 5% water and tetraethylammonium per¬ 
chlorate afforded tetrahydroquinoxalines (1395) in 90-96% yields 
(81ZC286). 

Kornet proved that the product obtained in the reaction of N-(2- 
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COOEt 

nhc h=c- cooEt +e Rvj^^y-NyChicooeHj 

R 'AuA NHCH _ c _ COOEt +2H * rv*^Ajj-^' C h(cooeh 2 

COOEt 

113941 R = H, Cl, Me ; R’s H ; R = R’s Me 11395 * 

methoxycarbonylphenyDaminomethylenemalonate (1396) and hydrazine 
hydrate in ethanol was 3-amino-4-quinazolone (1397) (73JPS834) and not 
1,3,4-benzotriazepine (1398), as reported earlier (69CJC489). 



(1398 ) ( 1396 ) ( 1397 ) 


Sardesai and Sunthankar studied the cyclization of diethyl iV-(2-amino- 
phenyl)aminomethylenemalonate(162, R = H) (57MI2; 59M11). No cycli¬ 
zation occurred in refluxing xylene in the presence or absence of a catalyst 
(p-toluenesulfonic acid or sodium hydroxide), or in acetic anhydride, or 
in a mixture of acetic anhydride and concentrated sulfuric acid. Benzimi¬ 
dazole and benzimidazolone were obtained in 20% and 66% yields, respec¬ 
tively, when 162 (R = H) was distilled in vacuo. Benzimidazolone was 
the product when 162 (R = H) was heated in boiling diphenyl ether, o- 
Phenylenediamine was reacted with diethyl acetylmalonate at 140°C for 
4 hr to give 2-methylbenzimidazole and diethyl malonate (85S555). 

[(2-Aminophenyl)carbonylmethylamino]methylenemalonate (1399) 
could not be cyclized under a wide variety of conditions [76JCS(P1)1331]. 

The diazotization of diethyl N-(2-aminophenyl)aminomethylenemalo- 


fY NH ’ COOEt 

^^C0CHjNHCH=C-C00Et 

(1399) 


C r^ ♦ EMME -- 

l r-NH 2 


CH=C-C00Et 



(U>01 ) 
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nate (162, R = H) with sodium nitrite in aqueous hydrochloric acid at -5 
to 0°C for 30 min gave 1-benzotriazolylmethylenemalonate (1400) 
(73IJC1332). 

The reaction of 1,2-diaminopyridinium salt and EMME in ethanol in 
the presence of potassium carbonate afforded 1,2,4-triazolo[l ,5-a]pyridine 
(1401) in 67% yield (75YZI497). 

Pyrazolo[l,5-a]pyrimidine-6-carboxylates (1402) were prepared in 70% 
yields in the reaction of 3-aminopyrazoles and diethyl amino(trichloro- 
methyDmethylenemalonate in boiling ethanol in the presence of sodium 
ethoxide for 6 hr (78JPR533). 


"W""' h,n v r w,oi ' Jvy"' 

R V VfoOE. E, “ VN^COOE, 

R = Ph ; R 1 = H ,-N=NPh 


The cyclocondensation of (imidazolidin-2-ylidene)malonates (1293, 
R = z'Pr, Ph) and phenyl isocyanate in boiling methylene chloride in the 
presence of tetramethylammonium fluoride and triethylamine for 10.5 hr 
gave imidazo[l,5-c]pyrimidines (1403) in low yields [83JAP(K)88383]. 

Triazolo[4,3-6]pyridazine (1404) was prepared in 75% yield, in the cyclo¬ 
condensation of 3-chloro-6-hydrazinopyridazine and EMME in boiling 
acetonitrile for 3 hr, or in 94% yield in the cyclization of hydrazinomethy- 
lenemalonate (195) in boiling acetonitrile for 4 hr (80JHC1527). 



(1403) 


R = iPr.Ph 


Cl 




N 


11404) 


The heating of phenylaminomethylenemalonate (1405) at 240°C for about 
30-60 min in vacuum (20-40 mm Hg) gave acridone (1406) in 38% yield 
(88JOC880). 


JCOOEt 

Me ”/ =C \ ' C00Et 
Me H 



(1405) 


( 1406) 
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Pyrimido[l,2-a]indolecarboxylates ( 1408 ) were prepared by the cycliza- 
tion of phenylaminomethylenemalonates ( 1407 ) in boiling ethanol in the 
presence of 1 mol. equiv. of sodium ethylate for 3 hr (68JOC1345; 
70USP3546225). 

Perimidine was formed in the strongly exothermic reaction of 1,8-diami- 
nonaphthalane and EMME (67N115). 


R 

He °YY CHCU ( i 00Et 

MeCK^^NHCH=C " 

iooEt 

(1407 ) 


5 0 

-COOEt 



(14-08 ) 


The cyclization of (l-azaazulen-2-yl)hydrazinomethylenemalonates 
( 1409 ) in boiling fert-butylbenzene for 30-40 min afforded l,2,5a-triaza- 
cyclohept[a]azulen-5-ones ( 1410 ) in 74-93% yields (88BCJ1440). Whereas 
the methyl derivative of 1409 (R = Me) could be cyclized in 56% yield in 
chloroform by treatment with silica gel at room temperature for 7 days, 
the ethoxycarbonyl derivative ( 1409 , R = COOEt) could not. 



In the cyclocondensation of diethyl acetylmalonate and 4-alkylamino- 
1 , 5-benzodiazepines ( 1411 ) in benzene in the presence of acetic acid and 
piperidine, the addition of acetylmalonate at the side-chain double bond 
of 1411 took place first. The amino group at position 4 was involved only 
in the second step of the reaction sequence to give tricyclic derivatives 
( 1412 ) in 49-77% yields (85FES391). 

Groves and Swan tried unsuccessfully to cyclize N-2-(indol-3-yl)ethyl 
aminomethylenemalonate ( 1413 ) to tetrahydro-/3-carboline-l -acetate 
( 1414 ) by the action of an acid or base. Instead of cyclization, hydrolysis 
of 1413 occurred to yield tryptamine (52JCS650). Later, Maclaren obtained 
3,4-dihydro-/3-carboline when he treated 1413 with trifluoroacetic acid or 
boron trifluoride (87AJC1617). 

Diethyl (2,3,4-trilfluorophenylamino)(3-acetoxy-2-oxopropylthio)meth- 
ylenemalonate ( 1415 ) was stirred in concentrated sulfuric acid at room 
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(1412 ) 



temperature for 30 min. After work-up, diethyl 3-(2,3,4-trifluorophenyl)-4- 
hydroxymethyl-2-thiazolidene malonate ( 1416 ) was obtained in 67% yield 
(88EUP286089). When a solution of 2-thiazolidenemalonate ( 1416 ) in diox- 
ane was stirred in the presence of sodium hydride at room temperature for 
20 min and then under reflux for 10 min, diethyl(6,7-difluorothiazolo[4,3-c]- 
l,4-benzoxazin-l-ylidene)malonate ( 1417 ) was prepared in 74% yield. 


AcOCHjCOCHjS^ WOEf 



( 1415 ) 




(1417) 


[2-(Indolin-3-yl)ethyI]aminomethylenemalonates ( 27 ) were treated with 
a 3 : 2 mixture of acetic anhydride and acetic acid at reflux for 72 hr to give 
aspidosperma alkaloids (1418) in 45-92% yields, as a mixture of epimers 
(Scheme 56) (77H1699, 77MI3; 78CC943; 79MI1). 

The cyclization of aminomethylenemalonates (29) under similar condi- 
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f^j)-jT COOEt A 

R^AN^ Me CH=C AcjO-AcOhf" 
R 1 COOEt 

127) R = H ,Me ; R'=H,Me 

R 2 =Me, Ac 




(1418) 


Scheme 56 


tions for 70-96 hr gave pentacyclic derivatives (1419) in 30-40% yields 
[85TL1769; 87JCS(P1)2079, 87T191], 

The flow pyrolysis of aminomethylenemalonates ( 200 ) at relatively low 
temperature (325-360°C) under reduced pressure (20 torr) gave spirocyclic 
pyrazolium ylides ( 1421 ) and 1,4-bridged pyrazolin-5-ones ( 1422 ) in 
56-74% and 0-20% yields, respectively. At higher temperature 
(390-420°C), the ratio of 1421 and 1422 shifted in favor of 1422 . Under the 
latter conditions, A/-alkyl-5-oxo-pyrazoline-4-carboxylates ( 1423 ) could 
also be isolated in 15-38% yield from the reaction mixture of the higher 
homologues ( 200 , n = 1, 2, X = CH 2 ). It was suggested that the first 
step of the reaction probably gave an iminoketene ( 1420 ) which yielded 



i)H COOEt ACjO-AcOH 
CH=C - 

COOEt R = OMe, R 1 = Me 
R = H , R 1 = Et 



(29) 


( 1419) 
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( 200 )— „<xTWcH-f 

' COOEt 

(1420 ) 

n = 0, n= 1 , X = CH 2 ,0 
n = 2 , X = CH 2 



(1421) 


COOEt 

— OSj? 1 - hnQ - 0 

(CH 2 ) 2 -(X)„-CH=CH 2 

(1422 ) (1423) 


spirocyclic derivatives ( 1421 ) by electrocyclization. Then both 1422 and 
1423 were formed from the spiro pyrazolium ylides ( 1421 ), by 1,4-sigma- 
tropic-alkyl migration and Cope or Hoffman elimination, respectively 
(85JOC909; 87BSF365). 
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Chapter 6 


Other Reactions of Aminomethylenemalonates 


A. Reactions of Dialkyl (l-Aminoalkylidene)malonates 

1. Hydrolysis, Solvolysis 

Amino(phenyl)methylenemalonate (1424) was hydrolyzed by heating in 
boiling aqueous formic acid for 30 min to give hydroxy(phenyl)methy- 
lenemalonate (1425) (85TL2603). 

Ph v COOMe BB o /o hC 00H/H 2 0 P \ / C00Me 

, C=1 \ -- / =C x 

HjN COOMe HO COOMe 

(1424) (1425) 

Dialkyl 4-pyrimidinylaminomethylenemalonates ( 1426 , n = 2,3,5) were 
prepared in 70-80% yields in the base-catalyzed transesterification of di¬ 
ethyl 4-pyrimidinylaminomethylenemalonates ( 1426 , n = I) with the ap¬ 
propriate alkanol at ambient temperature for 120 hr in the presence of 
sodium hydride. Acid-catalyzed transesterification was unsuccessful 
(84JHC247). 

The treatment of the diethyl aminomethylenemalonate derivative ( 1427 , 
R = Et) in methanol in the presence of sodium methylate under reflux for 
2 hr gave the dimethyl ester ( 1427 , R = Me) in 85% yield (78GEP2747199; 
82SZP627755). 

C00R' 

r A n X NH ch=c 

doOR' 

R - 3 - and 4-pyridyl 

R'= (CH 2 )„Me, n = 1,2,3,5 ( 1427 ) 

(1426) 

Diethyl ALethyl-(V-(2,2,6,6-tetramethylpiperidin-4-yl)aminomethy- 
lenemalonate ( 1428 ) was transesterified with 4-hydroxy-2,2,6,6-tetra- 
methylpiperidine in boiling xylene in the presence of sodium ethylate 
(88GEP3805786). 
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COOEt 
R-NCH=C 
Et COOEt 
(1428) 


COOR Mes 5X 

HOR —R-NCH=C R = HN V- 
Et COOR Me"^ ' 

Me 


The transesterification of aminomethylenemalonate ( 1429 ) in boiling 
benzene for 48 hr in the presence of a trace of concentrated sulfuric acid 
afforded the 14-membered dilactone ( 1430 ) in 18% yield [75JCS(P1)1517]. 


Me COOEt 

2 HOCH 2 CNHCH=C 

Me COOEt 


(1429) 


COOEt 



EtOOC 

( 1430 ) 


A cephalosporin C derivative ( 1431 , R = H) was esterified with benzo- 
phenonehydrazone in methylene chloride in the presence of manga- 
nese(IV) oxide to give the bis(bezhydryl)ester ( 1431 , R = CHPh 2 ) 
(80GEP3002659). 


R00C-CH-(CHj) 3 0CHN^_^S^ r=h 

NH IJly^OAc R = _ CH '^ 

CH Q COOR Ph 

EtOOC -C-COOEt 

(1431) 

AMFuro[3,2-6]pyridin-2-yl)aminomethylenemalonates ( 1432 ) were 
stirred in a 1.2 N ethanolic solution of potassium hydroxide at ambient 
temperature for 1.5 hr, or in a 2 N ethanolic solution of sodium hydroxide 
under reflux for 6 hr, to give the 3-carboxylic acid ( 1433 ) in 33-61% yield 
(84G211). Solutions of 7V-(furopyridin-2-yl)aminomethylenemalonates 
( 1432 ) in 2 N hydrochloric acid were refluxed for 2 hr to afford 2-aminofuro- 
pyridine-3-carboxylates ( 1434 ) in 55% and 82 % yields. When the 3-ethoxy- 
carbonyl derivative ( 1432 , R = Et) was heated in a boiling aqueous etha¬ 
nolic solution of potassium hydroxide for 2 hr, 2-pyridinylacetic acid ( 1435 ) 
was obtained in 47% yield. The treatment of the 4-nitrophenyl ester of 
1432 (R = 4-NO,Ph) with ethyl iodide in DMF in the presence of potassium 
carbonate gave the ethyl ester of 1432 (R = Et) in 91% yield (84G211). 
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jT'T 08 

Me^N^COOH 


( 14-35 ) 


COOR 
( 1432 ) 


•NHCH=C - 

iooet 


COOR 

(1434) 


R= Et 
4-N0jPh 


1.2 N KOH or 
2 N NaOH 
EtOH 


Me' 


.0 COOEt 

J>-NHCH=C 
COOH E00Et 


(1433) 


The tm-butoxycarbonyl group of 3-pyrrolylaminomethylenemalonate 
(1436, R = fBu) was converted into the carboxyl group (R = H) in 91% 
yield by the action of methanesulfonic acid at ambient temperature for 
10 min (85JHC729). 

(2-rm-Butoxycarbonyl-l-indolizinyl)aminomethylenemalonate (1437, 
R = COOtBu) was converted into 1-indolizinylaminomethylenemalonate 
(1437, R = H) in 61% yield by treatment with trifluoroacetic acid at 50°C 
for 45 min (85JHC817). 

The tert -butyl esters of 2-pyrrolylaminomethylenemalonates (1438, 
R 2 = COOrBu) were selectively hydrolyzed with methanesulfonic acid or 
concentrated sulfuric acid at 0°C or at ambient temperature to afford the 
corresponding carboxylic acids (1438, R 2 = COOH) in 26-98% yields. 
The carboxylic acid (1438, R = Me, R 1 = H, R 2 = COOH) underwent 
facile decarboxylation upon heating at 190-200°C to give 2-pyrrolylamino- 
methylenemalonate (1438, R = Me, R 1 = R 2 = H) in 73% yield 
(85JHC1429). 



( 1436 ) 


(1437) 


(1438 ) 
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The hydrolysis of diethyl iV-(6-phenyl-7-hydroxy-1,8-naphthyridin-2- 
yl)aminomethylenemalonate in aqueous sodium hydroxide afforded 2- 
amino-6-phenyl-7-hydroxy-l,8-naphthyridine (69G677). 

The hydrolysis of diethyl N-(3-alkoxycarbonyl-2-thienyl)aminomethy- 
lenemalonates ( 1439 , R = Me, Et) by potassium hydroxide in ethanol 
yielded diethyl A/-(3-carboxy-2-thienyl)aminomethylenemalonates ( 1439 , 
R = H) [75GEP2435025, 75JAP(K)77393]. The treatment of the rm-butyl 
esters ( 1439 , R = rBu, R 1 = R 2 = H, Me, (CH 2 ) 4 ] with formic acid or 
trifluoroacetic acid at room temperature also afforded the carboxylic acid 
derivatives [ 1439 , R = H, R 1 = R 2 = H, Me, (CH 2 ) 4 ] [75JAP(K)77394]. 

The hydrolysis of 1440 in a mixture of ethanol and 75% hydrochloric 
acid at reflux temperature for 24 hr gave acetaldehyde, ammonia, and 5- 
formyl-l,3-dimethylbarbituric acid (70AP612). 



R J =H . Me (U39) (1440) 


The kinetics of the hydrolysis of compound 33 was studied (86MI2). 
The hydrolysis of aminomethylenemalonates ( 1441 ) under acidic condi¬ 
tions gave the corresponding amines (68MI1). 


. Luutr 

!0 ro^^ nhch= ( - 


ch 2 

OR 


The methylenemalonate moiety of compounds 1442 and 1443 was re¬ 
moved by treatment with chlorine water at 0°C overnight, or by treatment 
with concentrated ammonium hydroxide in acetone at ambient tempera¬ 
ture for 4 days, or by treatment with Amberlite IRA-400(HO~) resin in 
aqueous acetone at 40°C for 3 hr to give the corresponding aminoglucoside 
and aminofuranoside in 52-99% yields (84MI7). 

A-Deprotection of aminomethylenemalonate derivatives of 2-deoxyglu- 
copyranose ( 40 , R = H, R 1 = OMe, and R = OH, R 1 = H,R 2 = Ac, 
R 3 = Et) by treatment with bromine or chlorine in chloroform afforded 
methyl 3,4,6-tri-0-acetyl-2-amino-2-deoxy-/?-D-glucopyranoside hydro- 



Sec. A.l] OTHER REACTIONS OF AMINOMETHYLENEMALONATES 299 

ROCH 2 R = H, Ac 

ROCH „ R’sMe.Et 

NHCH=C 

COOMe 

1 1442 ) ( 1443) 



bromide and 3,4,6-tri-0-acetyl-2-amino-2-deoxy-a-D-glucopyranoside 
hydrochloride in 95% and 66% yields, respectively (88MI4). 

The reactions of tetra-O-acylgluco- and -galactopyranosylaminomethy- 
lenemalonates (1444) and bromine in a mixture of chloroform and water 
at room temperature for 2 days gave the corresponding tetra-O-acylamine 
hydrobromides (1445) in 81-96% yields (86MI8). 

The hydrolysis of the a-D-fructofuranoside derivative with Amberlite 
IRA-400(HO~) resin in aqueous acetone gave the 1-amino-l-deoxy-a-O- 
fructofuranoside in quantitative yield (86MI10). 



R = Ac , R 1 = 0Ac , R 2 -H (14^5) 
R =Bz , R*= H , R 2 = Br 


Br 


The treatment of 1446a with a boiling 3% solution of hydrogen chloride 
in methanol for 5 hr gave a mixture of 1446c and 1446d (in 7 : 3 ratio) and 
glucofuranoside (1447). At room temperature no reaction occurred. Methyl 
glycosidation of 1446a in boiling methanol in the presence of Amberlyst- 
15(H + ) resin for 24 hr afforded a mixture of 1446c, 1446d (in 2 :3 ratio), 
and 1447. The glucofuranoside (1447) was converted almost quantitatively 
into the thermodynamically more stable glucopyranoside (1446c) by heat¬ 
ing in methanolic hydrogen chloride. A similar reaction was carried out 
with the ethyl ester (1446b) in boiling ethanol in the presence of Amberlyst- 
15(H + ) resin (84MI7; 87MI4). 



R =0H, R'= H , R 2 =Me 
R=0H,R'=H, R*=Et 
R =0Me.R’=H, R^ Me 
R = H, R'=0Me,R 2 =Me 


H0CH 2 



COOMe 


(1446 ) 


1447) 



300 


istvAn hermecz et al. 


[Sec. A.2 


The Fischer glycosidation of A/-(l-deoxy-D-fructos-l-yl)aminomethy- 
lenemalonate (1448) was carried out in a 1.25% solution of hydrogen 
chloride in methanol at ambient temperature to produce a mixture of 
fructofuranosides (1449 and 1450) and fructopyranoside (1451). The reac¬ 
tion was complete after 5 hr, but the glycoside equilibrium was attained 
only after 24 hr (86MI10). 

ch 2 nhr 
c=o 

H0 ( H * MeOH — 

H ^ 0H COOMe 

HCOH R =-CH=C 
CHjOH (foOMe 

(1440 ) 


HOCH R’ 9 Me 

- tStiL • fizz*** 
"P hP 1 

(1449 ) R'= CH 2 NHR; R^OMe 1 14 1 1 
(1450) R’= OMe ; R =CH 2 NHR 


2. Reduction, Hydrogenation 

The hydrogenation of aminomethylenemalonates (9, R = R 1 = H, 
R = Ph, R 1 = H, Me, and 1452) over platinum oxide or Raney nickel 
in ethanol resulted in reductive cleavage of the C—N bond to give the 
corresponding amine (46JA2009; 52JCS650; 64JMC68). In the case of 
the phenylamino derivative (9, R = Ph, R 2 = H), diphenylurea was also 
obtained in 4% yield (46JA2009). The A/-methyl-A/-phenylamino derivative 
(9, R = Ph,R' = Me) and the piperidino derivative (274, n = 1,X = CH 2 ) 
gave diethyl methylmalonate (46JA2009; 64JMC68). 

The catalytic hydrogenation of 1-piperidinylmethylenemalonate (274, 
n = 1, X = CH 2 ) over platinum black in glacial acetic acid likewise gave 
diethyl methylmalonate (64JMC68). 

The catalytic hydrogenation of A/-(2-substituted 2-phenyl-vinyl)- 
aminomethylenemalonates (1453) over 10% palladium-on-charcoal at 70°C 
in dioxane gave )V-(2-substituted 2-phenylethyl)aminomethylenemalo- 
nates (1454), while that of 1455 at 50°C afforded aminomethylmalonate 
(1456) (70AP612). The hydrogenation of 1456 under the previous condi¬ 
tions at 90°C yielded 1,3,5-trimethylbarbituric acid. 

The catalytic reduction of A-(4-nitrophenyl)aminomethylenemalonate 
in methanol over a palladium catalyst gave N-(4-aminophenyl)aminometh- 
ylenemalonate in 67% yield [86JCR(S)161], 

The nitro group of (l-isoquinolinylamino)methylenemalonate (1457, 
R = N0 2 ) was catalytically reduced over a 10% Pd/C catalyst in DMF to 
give the 4-amino derivative (1457, R = NH 2 ) [84JAP(K) 172472]. 
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( 1455) 
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The reduction of aminomethylenemalonates (1458) with lithium alumi¬ 
num hydride (LAH) in diethyl ether or THF gave 2-aminomethyI-2-propen- 
1-ols (1459) in good yields (62JOC4137; 64JMC68; 66CB281). 

Earlier, Shivalkar and Sunthankar incorrectly reported that the reduc¬ 
tion of diethyl 2-naphthylaminomethylenemalonate with LAH in diethyl 
ether gave 3-(2-naphthylamino)allyl alcohol in 46-90% yields (58MI3; 
60JA718). Similar reactions were described for phenylaminomethylene- 
malonate, Af-(2-aminophenyl)aminomethylenemalonate, and benzylami- 
nomethylenemalonate (58M13; 60JA718; 61MI2). 

The reduction of diethyl Af-ethyl-N-phenylaminomethylenemalonate, 2- 
pyridyl-, and 2-pyrimidinylaminomethylenemalonates with LAH in diethyl 
ether resulted in cleavage of the =CH—N bond to afford the correspond¬ 
ing amines (60JA718). 

N-(6-Nitro-4-quinazolinyl)aminomethylenemalonate (1460, R = N0 2 ) 
was hydrogenated in DMF in a hydrogen atmosphere over 10% palladium- 
on-carbon at ambient temperature for 1 hr to give the 6-amino derivative 
(1460, R = NH 2 ) (81EUP30156). 

No reaction occurred when diethyl N-(l-ethoxycarbonylethyl)amino- 
methylenemalonate was heated in ethanol in the presence of a zinc- 
copper couple (14JCS27). 

The reduction of diethyl N-(4-methylpiperazin-l-yl)methylenemalonate 
over a platinum catalyst with hydrogen or with sodium borohydride af- 


R 


cooei 

NHCH=C 

COOEt 


COOEt 

R-CH=C 

COOEt 


-OS 


COOEt 

ch 2 nhch=c 

r-chj-c V'yS ^ OOEt 

ch 2 oh 


( 1457 


1458 


( 1459 ) 


( 1460 ) 
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forded a mixture of 1-methylpiperazine and diethyl methylmalonate. The 
presence of diethyl methylenemalonate could also be detected when the 
catalytic reduction was carried out in ethanol (75ZOR420). 

3. Oxidation 

Dihydro-1,4- and -1,2-naphthoquinone derivatives(1461 and 1463) in a 
mixture of ethanol and chloroform were oxidized with iron(III) chloride in 
dilute hydrochloric acid to naphthoquinones (1462 and 1464) (67JOC3210). 



FeCl 3 / HCl 
EtOH-CHCl, 
50% 



(1462 ) 



( 1463 ) 



COOEt 

(1464) 


The oxidation of sugar enamines [1465 and 1466, R 2 = —CH=C 
(COOEt) 2 ] with potassium permanganate and potassium metaperiodate in 
a 1:1 mixture of acetone and water at ambient temperature gave a-hy- 
droxy amides [1465 and 1466, R 2 = COCOH(COOEt) 2 ] and /V-formyl 
amino sugars (1465 and 1466, R 2 = CHO) 42-52% and 15-28% yields, 
respectively [89JCS(P1)1923]. 



R=H, R 1 = OAc 
R=0Ac.R'=H 



(1465) 


R J = CHO 


( 1466 ) 
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The methylthio group of 6-benzothiazolylaminomethylenemalonate 
(271) was oxidized to the methylsulfonyl group with potassium permanga¬ 
nate in aqueous acetic acid at ambient temperature for 2 hr to give the 2- 
methylsulfonyl derivative (1467) in 41% yield (76CPB130). 

The treatment of diethyl )V-[2-(4-pyridinyl)pyrimidin-4-yl]aminomethy- 
lenemalonate with m-chloroperbenzoic acid (85%) in methylene chloride 
at 0°C for 1 hr, and then at ambient temperature for 16 hr, gave the N- 
oxide (1468) in 64% yield (77USP4018770, 77USP4032523). 

/V,/V-Dimethylaminomethylenemalonates (331) were photooxidized in 
deuteriochloroform at 25°C for 20 hr to give 2-oxomalonates (1469) as the 
dihydrates in 65-84% yields (84TL3743). 

Diethyl /V-(6-methyl-3-pyridinyl)aminomethylenemalonate was oxi¬ 
dized to the (V-oxide (987, R = Me) with 40% peracetic acid in acetic acid 
at 55-60°C for 2 hr (69USP3429887). 



COOEt 

-NHCH=C 

COOEt 

~0' 



COOEt 

NHCH=C 


COOEt 


COOEt 

; y y 


R»0Et, X = 0,S 


(1467) 


I 1466 ) 


( 1469 ) 


4. Alkylation 

Dimethyl (methylthio)(phenylamino)methylenemalonate (341) was N- 
alkylated on the action of dimethyl sulfate in boiling acetone in the pres¬ 
ence of potassium carbonate for 20 hr to give dimethyl (methylthio)(/V- 
methyl-/V-phenylamino)methylenemalonate in 98% yield (69T4649). 

The ethylation of 6-indazolylaminomethylenemalonate (1470) with ethyl 
iodide in DMF at 80-85°C for 2 hr in the presence of potassium carbonate 
gave a 1 :2 mixture of AL(1- and 2-ethyl-6-indazolyl)aminomethylenemalo- 
nates (952 and 954, R = Et) in 78% yield [77JHC1175; 78JAP(K)119895], 

The reactions of 6-indazolylaminomethylenemalonate (1470) with ben¬ 
zyl chloride and with trityl chloride in a mixture of DMF and ethanol and 

H COOEt -- (952 ) * (954) 

^^NHCH^C R = Et 26 % 52 % 

COOEt R = phCH 2 47 % 31 % 

R = PhjC 74% 0 7% 


( 1470 ) 
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in ethanol, respectively, in the presence of sodium ethylate gave a mixture 
of 1- and 2-alkylated derivatives (952 and 954, R = PhCH 2 and Ph 3 C) 
[78YZ1158; 79JAP(K)84596]. 

The amino group of 5-benzimidazolyl- and 5-benzotriazolylaminomethy- 
lenemalonates (1471, X = CH and N) was alkylated with methyl iodide in 
DMF in the presence of potassium carbonate in 43-91% yields 
(89CCC713). 5-Benzimidazolyiaminomethylenemalonate (1471, X = CH) 
was also alkylated on the amino group with ethyl iodide and benzyl chlo¬ 
ride, or with methyl iodide in dimethoxyethane, or dimethyl sulfate in 
THF in the presence of sodium hydride. 



k ch=c 

1e COOEt 


11471 ) 


(1472 ) 


Diethyl N-(2,5-dimethoxyphenyl)aminomethylenemalonate was alkyl¬ 
ated with ethyl iodide in DMF in the presence of sodium hydride to give 
the (V-ethyl derivative (1473) in 42% yield (82HCA2645). 

Diethyl Af-(2-oxo-l //-pyridin-3-yl)aminomethylenemalonate was alkyl¬ 
ated with methyl iodide in DMF in the presence of potassium carbonate for 
16 hr to give (l-methyl-2-oxo-l //-pyridin-3-yl)aminomethylenemalonate 
(985) in 76% yield (81JHC941). 

Af-(2,3-Dihydroimidazo[2,l-fc]benzothiazol-6-, 7- and 8-yl)aminomethy- 
lenemalonates (1474, R 2 = H) were alkylated with dialkyl sulfate or alkyl 
halide in hexamethylphosphortriamide in the presence of sodium hydride 
to give Af-alkyl-Af-(2,3-dihydroimidazo[2,l-6]benzothiazolyl)aminomethy- 
lenemalonates (1474, R 2 ± H). The hydrolysis of 1474 by heating in boiling 
dilute hydrochloric acid for 15 min gave alkylamino derivatives (1475) 
(81EUP21806). 



( 1473 I 


(1474 ) 


_ LUUEt w <; _ 

pn» - 

R = H,Me ; R^Me.Et.iPr.Bu, tBu 
R 2 =Me .Et,Pr,Bu . allyl,hexyl ) 


2-Thienylaminomethylenemalonates were ethylated with ethyl p- 
toluenesulfonate in the presence of potassium carbonate (85EUP161235) 
and potassium hydroxide (87MI3) in DMF to afford N-ethyl derivatives 
(711, R = H, Me) in 80% and 41-48% yields, respectively. 
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Diethyl N-(2,3,4-trifluorophenyl)aminomethylenemalonate was alky¬ 
lated in the presence of sodium hydride in DMF to give diethyl N-substi- 
tuted N-(2,3,4-trifluorophenyl)aminomethylenemalonates [85JAP(K) 
166681]. 

N-{1 -Methyl- and l-benzyl-3-pyrrolyl)aminomethylenemalonates (1476, 
R = Me, CH 2 Ph) were obtained in 91% and 91% yields, respectively, 
when 3-pyrrolylaminomethylenemalonate (1476, R = H) was reacted with 
methyl iodide or with benzyl bromide in DMF in the presence of sodium 
methylate at ambient temperature for 10-60 min (85JHC83; 89JHC1029). 
N-Methyl derivatives (1477) were prepared in nearly quantitative yield 
under the previous conditions with methyl iodide if the reaction mixtures 
were stirred overnight. 


COOEt 

NHCH=C 


COOEt 

e NMeCH=C 


The reactions of 3-pyrazolylaminomethylenemalonate (1478, R = 
R 1 = R 2 = H) with dimethyl sulfate, ethyl iodide, or benzyl bromide in 
boiling THF in the presence of sodium hydride yielded N-substituted 
N-(3-pyrazolyl)aminomethylenemalonates (1478, R = R 1 = H, R 2 = Me, 
Et, PhCH 2 ). 3-Pyrazolylaminomethylenemalonate (1478, R = COO/Bu, 
R l = R 2 = H) was dimethylated with methyl iodide in DMF in the pres¬ 
ence of sodium methylate at room temperature overnight to give N-methyl- 
N-(l,5-dimethyl-3-pyrazolyl)aminomethylenemalonate (1478, R = 
COO/Bu, R 1 = R 2 = Me) in 88% yield (85JHC729). 

The treatment of N-[2-(4-chlorobutyryl)-3-pyrrolyl]aminomethylene- 
malonate (1479) with potassium fm-butoxide in THF at ambient tempera¬ 
ture for 2 hr afforded 1-indolizinylaminomethylenemalonat (1480) in 94% 
yield (85JHC817). 



COOEt 

tBuOOC._,NHCH=C 

COOEt 

Me'^ N / ^C0(CH 2 ) 3 Cl 


11478 ) 


(1479) 



( 1480) 


The N-methyl derivatives (1481, R 1 = Me) were prepared from 2-pyrro- 
lylaminomethylenemalonates (1481, R 1 = H) with methyl iodide in DMF 
at ambient temperature for 2-4 days (85JHC1429). 
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The sodium salt of mercapto[phenylamino]methylenemalonate (342, 
R = 4-acetyl-1-piperidinyl, X = Na) in THF was added dropwise to a 
solution of methylene iodide in DMF in the presence of potassium carbon¬ 
ate at 60°C for 2 hr to give diethyl (l,3-thiazetidin-2-ylidene)malonate 
(1291) in 50% yield (87BRP2190376). 

5-Isoxazolylaminomethylenemalonate (1482, R = H) was ethylated 
with ethyl iodide in DMF in the presence of potassium carbonate at ambi¬ 
ent temperature overnight to afford the N-ethyl derivative (1482, R = Et) 
in 84% yield (88JHC231). 


ne, luutbu 

Yt i 0 ™ 

1eA N >-NCH=C 
p h ^J R 1 C00R 

(1481 ) 



1-Indolylmethylenemalonate (1484) was obtained in 92% yield from N- 
[3,4- difluoro - 2 - ( 2 - hydroxypropyl phenyl ] aminomethylenemalonate 
(1483) by the action of a mixture of triphenylphosphine and diethyl azodi- 
carboxylate in THF at -20°C (88JHC1567). 



Me 11483) 


Ph a P 

Et00CN=NC00Et 



I 1484 ) 


A solution of phenylaminomethylenemalonate (1485) in THF was added 
to a solution of triphenylphosphine and diethyl azodicarboxylate in THF 
at -20°C. The reaction mixture was warmed to room temperature, diluted 
with water, and extracted with ethyl acetate to give methylenemalonate 
(1486) in 75-99% yields (87USP4636506). 




COOEt 
'NHCH=C 


PhjP 


cncTl» 5=SB5B ' 

X = S , NMe 
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When diethyl (cyclic amino)methylenemalonates (274, n = 1,X = CH 2 , 
O, NMe) were reacted with methyl iodide in boiling isobutyl alcohol, 
quaternary ammonium iodides (1487) were obtained (64JMC68). 

A/-(3-Decyloxy-4-hydroxyphenyl)aminomethylenemalonate (1488, R = 
H) was treated with sodium hydroxide in toluene and was then reacted 
with cyclopropylmethyl chloride in the presence of a catalytic amount of 
sodium iodide in DMF at 120-125°C for 2 hr to give the 3-decyloxy-4- 
cyclopropylmethoxyphenyl derivative (1488, R = cPrCH 2 0) (74GEP- 
2431584, 74NEP8800). 


R0 Y^ COOEt 

CioHuO^nS^NHCHsC 

COOEt 

(1488) 


X = CH 2 ,0, >Me 2 I 
(1487 ) 


N-(Hydroxyphenyl)aminomethylenemalonates (1489, R 1 = H) were O- 
alkylated with alkyl bromides in DMF in the presence of potassium carbon¬ 
ate at 100°C for 3 hr (87YZ123). 



COOEt 

NHCH=C 

COOEt 


( 1489 ) 


R=H, 2-N0 2 , 4-N0 2 
r’= Et,Pr,Bu, iBu, pentyl, hexyl, 
heptyl, decyl, isopentyl 


The reaction of diethyl AT-(2-hydroxy-3,4-difluorophenyl)aminomethy- 
lenemalonate and benzyl bromide in DMF in the presence of sodium 
carbonate at ambient temperature for 2 hr afforded diethyl AT-(2-benzyl- 
oxy-3,4-difluorophenyl)aminomethylenemalonate (88EUP259804). 

AT-(3-Hydroxyphenyl)aminomethylenemalonate was reacted with 2- 
chloromethylquinoline (1490) in 75% aqueous ethanol in the presence of 
potassium carbonate for 8 hr to give 1491 in 40% yield [82IJC(B)444]. 



OMe 



11490 ) 


(1491) 
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AK5-Hydroxy-6-methyl-2-pyridyl)aminomethylenemalonate (1492, 
R = H) was alkylated with alkyl halides in DMF in the presence of po¬ 
tassium carbonate at 90-110°C for 1 hr to give the 5-aIkoxy derivatives 
(1492, R = Et, i'Pr, CH 2 Ph, CH 2 OMe) [81JAP(K)131583]. 

Diethyl AL(2-hydroxyphenyl)aminomethylenemalonate was reacted 
with 2,4-dinitro-l-chlorobenzene in boiling aqueous ethanol in the presence 
of sodium hydrogen carbonate for 4 hr. After work-up, 2-hydroxy-2',4'- 
dinitrodiphenylamine, obtained in 76% yield, failed to react with EMME 
under the usual conditions (89CCC506). 




COOEt 

NHCH=C 

COOEt 


r^V NHAc COOEt 
^^NHCH=C 

COOEt 


(1492) 


I H93 ) 


5. Acylation, Deacylation 

Diethyl aminomethylenemalonate (13) was A-acylated with acetic anhy¬ 
dride (75JHC1245). 

Diethyl 7V-(2-Aminophenyl)aminomethylenemalonate was acetylated 
by treatment with acetic anhydride at room temperature to give the 2- 
acetamido derivative (1493) in 78% yield (59MI1). 

The treatment of 5-pyrazolylaminomethylenemalonate (1494, R = H) 
with acetyl chloride in pyridine gave the 1 -acetyl derivative (1494, R = Ac) 
in 66% yield (74AP177). 

The reaction of 7V-(l,2,3-triazol-5-yl)aminomethylenemalonate (1495, 
R = H) and acetic anhydride afforded the 1 -acetyl derivative (1495, 
R = Ac) in 95% yield [71JCS(C)2156]. 

Me Vlt cooEt N-/ Ph t | 00Et 

%-VnHCH^ t( N >NHCH=C 

R COOEt R COOEt 

(1494) (1495) 

7V-(4-Amino-l-isoquinolinyl)aminomethylenemalonate (1457, R = 
NH 2 ) was acetylated with acetic anhydride in pyridine at ambient tem¬ 
perature to give the 4-acetamido derivative (1457, R = NHAc) 
[84JAP(K) 172472], 

N-(6-Amino-2-pyridyl)aminomethylenemalonates (1496, R 2 = H) were 
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R =H , R' = NOj 
R = NO2, R's H 
11496 ) 


(jOOEt 
•NHCH=C 

COOEt 


NHR 1 


R =H,MeS 
(1497) 


COOEt 

NHCH=C 


acylated by treatment with acetyl chloride in pyridine at 80°C for 1 hr afford 
the 6-acetamido derivatives (14%, R 2 = Ac) in 50-70% yields (72G253). 

The reaction of AK6-amino-4-pyrimidinyl)aminomethylenemalonates 
(1497, R 1 = H) and acetic anhydride at reflux temperature overnight gave 
the 6-acetamido derivatives (1497, R 1 = Ac) in 60-68% yields 
(72JOC3980). 

The treatment of N-(2-aminophenyl)aminomethylenemalonates (1498) 
with tosyl chloride in pyridine afforded p-toluenesulfonyl derivatives 
(1499) in 64-73% yields [75JCS(P1)2409]. 


COOEt 
NHCH=C—COOEt 


■NHCH=C __ ^✓Nt 

NH COOEt R = Pr. ally*; «’=« ^ N _ SOi _/-=\ Me 
k R = R'=-CHMeCH 2 - ft ft ^ 


The reaction of 3-pyrrolylaminomethylenemalonate (1500, R = H) 
and acetic anhydride at reflux temperature for 1 hr gave (l-acetyl-3- 
pyrrolyl)aminomethylenemalonate (1500, R = Ac) in 81% yield. When 
1500 (R = H) was acylated with acyl chlorides in a mixture of pyridine 
and THF at reflux temperature for 2-4 hr, the 5-acyl derivatives (1501) 
were obtained in 51-67% yields (85JHC8I7). 


COOEt 

tBu00C,^NHCH=C 

COOEt 


COOEt 

,NHCH=C 


R 1 *Me, (CHjljCl 


(1500) 


(1501) 


The treatment of 5-indazolylaminomethylenemalonate (948, R = H) 
with acetic anhydride in acetic acid in the presence of pyridine for 1.5 hr 
gave the 1-acetyl derivative (1502) in 97% yield, while in THF in the 
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presence of pyridine for 1 hr, it afforded a 1 : 8 mixture of the isomeric 1- 
and 2-acetyl derivatives (1502 and 1503) in 96% yield [78YZ1063; 
79JAP(K)32496]. 

N-(2-Acetyl-5-indazolyl)aminomethylenemalonate (1503) was iso- 
merized to the 1-acetyl derivative (1502) in 90% yield by heating in toluene 
for 4 hr [78YZ1063; 79JAP(K)32496]. 

The acylation of 6-indazolylaminomethylenemalonate (1470) by reaction 
with acetic anhydride in the presence of pyridine for 45 min, or with 
benzoyl chloride in a mixture of DMF and benzene in the presence of 
sodium ethylate for 75 min, gave 1-acyl derivatives (1504) in 72% and 58% 
yields, respectively (78YZ1158). 


COOEt 
•NHCH=C 

COOEt 


COOEt 
NHCH=C 

COOEt 


COOEt 

-NHCH=C 

COOEt 


(1504 ) 


The reaction of N-(6-amino-4-quinazolinyl)aminomethylenemalonate 
(1460, R = NH 2 ) and acyl chloride in methylene chloride in the presence of 
pyridine at 0°C afforded the 6-acylamido derivatives (1505) (81EUP30156). 
When the amine (1460, R = NH 2 ) was repeatedly reacted with acetic 
anhydride in pyridine, the A,A-diacetylamino derivative (1506) was ob¬ 
tained. Treatment of the amine (1460, R = NH 2 ) with pivaloyl chloride in 
methylene chloride in the presence of pyridine gave the pivaloylamido 
derivative (1505, R = Me 3 C—), while in DMF in the presence of pyridine 
a mixture of the pivaloylamido and 6-formamido derivatives (1505, 
R = Me 3 C— and H) was obtained. 

COOEt 
NHCH=C 

COOEt 

R = Me, Et.Pr.iPr ,Me 3 C ,Ph, -(V) 

( 1505) 

The reaction of bis(amino)methylenemalonate (1507) and benzoyl chlo¬ 
ride in the presence of triethylamine in boiling chlorobenzene for 5 hr 
afforded amino(benzoylamido)methylenemalonate (1508) in 65% yield 
(77ZOR954). 


COOEt 

Ac NHCH=C 

c 00 Et 

uv 

(1506) 
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Benzoylation of (phenylamino)phenylmethylenemalonate (4) with ben¬ 
zoyl chloride in diethyl ether in the presence of sodium at reflux tempera¬ 
ture gave the 2-benzoylmalonate derivative (1509) (36JCS428). 


H,N COOEt 
H,N 'cOOEt 
(1507) 


PhCONH COOEt 


C=C 
HjN 'cOOEt 

(1508 ) 


PhN COOEt 
N C-C-C0Ph 
Ph COOEt 
(1509) 


The reaction of A r -(3-hydroxymethylphenyl)aminomethylenemalonates 
(1510) and acetic anhydride by heating in acetic acid at 55-60°C for 20 hr 
gave the 3-acetoxymethyl derivatives (1511) in 71 -97% yields (82CPB3517, 
82CPB3530). 


COOEt __ 

HOv^SyJ^NHCHsC 

R’ COOEt R=H,F;R’=H,F 


fOOEt 
•NHCH=C 

COOEt 


The hydroxy groups of pyranosylaminomethylenemalonates 
(1512-1514, R 5 = H) were acetylated with a mixture of acetic anhydride 
and pyridine (68MI1). A f -(2,3,4,6-Tetra-0-acetylglucopyranosyl)amino- 
methylenemalonate (1512, R = R 3 = H, R 1 = R 2 = OR 5 , R 4 = CH,OR 5 , 
R 5 = Ac) was deacetylated in ethanol with sodium ethylate. 



COOEt 

-NHCH=C 

COOEt 


COOEt 



11512 ) 


(1513) 


R = R J = H ; R 1 = R3= OR 5 ; R^CHjOR^R^H.Ac 
R rR^OR 5 ; R’=R 3 = H ; R‘= CH,0R 5 ; R 5 =H ,AC 
R =R 2 = H ; R'= R 3 = OR 3 - R*= CH 2 or 5 ; R s =H .Ac 
R=R 3 = R*= H ; R'= R 2 = OR 5 ; R 5 = H . Ac 
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The aminomethylenemalonate derivatives of pyranoses (1515) and fu- 
ranosides (1516) were acylated with acetic anhydride in pyridine at 0°C 
for 24 hr to give tri- and tetraacetylated products (1517 and 1518) in high 
yields (84MI7; 87MI4). 



(1515) 

a. R = OH, R'= R = H, R =Me 

b. R=0H t R , = R , = H ,R 3 =Et 
c R = 0Me,R’=R = H,R 3 =Me 

d. R = R z = H ,R’=0Me,R3:Me 

e. R = 0Et,R’=R J =H, R = Et 


(1517) 

R :0Ac .R*=H , R*=Ac ,R } *Me 
R=OAc,R'=H,R J =Ac,RsEt 
R = 0Me .R’iH ,R ? =Ac ,R 3 *Me 
R xH,R'=0Me,R3:Ac.R^Me 
R =0Et,R’ iH, R^Ac , R 3 =Et 


(1516) R = H , R’= Me , Et 
(1518) R sAc , R’x Me ,Et 


HN COOEV 
COOEt 


3,4,6-Tri-O-acetyl derivatives of glucopyranoses (1517, R = OH, 
R 1 = H, R 2 = Ac, R 3 = Me, Et) were obtained from 1515 (R = OH, 
R 1 = R 2 = H, R 3 = Me, Et) by the treatment with acetyl chloride in chlo¬ 
roform (88MI4). 

JV-(/3-D-Galactopyranosyl)aminomethylenemalonate (1519) was treated 
with benzyl chloride in pyridine at 0°C for 24 hr at ambient temperature, 
to give the tetra-O-benzoyl detivative (1520) in 96% yield (86MI8). 



PhC0 9 CH 2 0C0Ph 

COOEt 

■ PhC00-^^>^ NHCH= C 


(1519) 


( 1520) 


The acetylation of A/-(l-deoxy-D-fructos-l-yl)aminomethylenemalonate 
(1448) with acetic anhydride in pyridine at 0-20°C for 4 days gave a mixture 
of tetraacetates of fructofuranosides (1521), triacetates of fructofurano- 
sides (1522), and fructopyranose (1523, R 1 = H) and the pentaacetyl-arai- 
z'no-hex-l-enitol derivative (1524) (Scheme 57) (86MI10). Further treat¬ 
ment of 1524 with acetic anhydride in pyridine gave a mixture of 
tetraacetates of fructofuranosides (1521) and the starting compound 1524. 
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CHjNHR CHNHR 

C=0 CO Ac 

HOCH + __ AcOCH 

HCOH + ACl ° HCOAc 

HCOH HCOAc 

CH z 0H CHjOAc 

(1448) (1524) 

8.5% 

(jOOMe 
R = -CH=C 

(foOMe 



AcO 


(1521) 36.4% 
(1522) 12 0% 


(1521ot) R*= CH 2 NHR , R^=OAc 
(1521(J) R'= OAc.R^CHjNHR 
(1522 oO R’= CH 2 NHR,R*=0H 
11522 (M R’= OH, R4CH 2 NHR 
(ot'O = 8.5 : IS) 
lot'* = 11) 



(1523) 


Scheme 57 


A mixture of triacetyl-a-D-fructofuranoside (1521, a, R 2 = OMe) and 
triacetyl-jg-D-fructopyranoside (1523, R 1 = Me) was obtained when the 
crude glycoside mixture obtained in the glucosidation of 1448 in methanol 
containing 1% hydrogen chloride at room temperature for 5 hr was ace- 
tylated with acetic anhydride in the presence of pyridine a 0°C for 3 days 
(86MI10). The Zemplen deacetylation of 1521 (R 2 = OMe) was carried out 
in quantitative yield. 

/V-(/3-D-Ribofuranosyl)aminomethylenemalonate (42) was acetylated by 
treatment with acetic anhydride in pyridine to give the 2,3,5-tri-O-acetyl 
derivative in 91% yield (88MI1). 

The treatment of /V-(/3-D-ribopyranosy 1)- and (V-(j8-D-ribofuranosyl)ami- 
nomethylenemalonates (41 and 42) with benzoyl chloride in pyridine, 
and then with a 4% solution of bromine in wet chloroform for 24 hr at 
room temperature, gave tri-O-benzoyl-jS-D-ribofuranosylamine and tri-0- 
benzoyl-|8-D-ribopyranosylamine hydrobromides (1525 and 1526) in 86 and 
84% yields, respectively (88MI1). 


PhCOO 


_NH f ) 

17 .OCOPh 


PhCOOCH NHjHBr 

PhCOO OCOPh 


1525) 


(1526) 
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The acylation of diethyl /V-ethyl-N-(2-thienyl)aminomethylenemalonate 
with acetic anhydride and propionic anhydride in the presence of A1C1 3 
in methylene chloride gave the 5-acyl-2-thienyl derivatives in 35% and 
40% yields, respectively (88MI12). 

Diethyl N-(ethoxycarbonylmethyl)aminomethylenemalonate was re¬ 
acted first with sodium hydride and then with ethyl chloroformate in dry 
benzene at reflux temperature for 2 hr to give the tetraester (1527) in 76% 
yield (78CPB2224). 


COOEt EtOOC COOEt 

Et00CCH,NHCH=C ♦ CICOOEt - Et00CCH,NCH=C 

COOEt COOEt 

(1527 ) 


N-{ 1 ,3-Benzoxazinyl)aminomethylenemalonates (1529 and 1531) were 
obtained in 70-87% yields when N-( 3- and 4-carbamoyl-4- and 3-hydroxy- 
phenyl)aminomethylenemalonates (1528 and 1530) were first treated with 
ethyl chloroformate dropwise in a mixture of pyridine and acetonitrile at 
0-5°C. After refluxing the mixtures for 2 hr, the low-boiling solvent was 
removed under reduced pressure and the residues again were refluxed at 
about 125°C for 1 hr (75IJC1275). 


COOEt 

HjN0Cy^ t 'NHCH=C 
HQ XJ COOEt 


♦CICOOEt — 



11528 ) 


(1529 I 


COOEt 

^NHCH={ ♦ CICOOEt 
COOEt 

(1530) 



(1531) 


Diethyl amino(trifluoromethyl)methylenemalonate was reacted with tri- 
methylsilyl chloride in boiling benzene in the presence of triethylamine for 
3 hr to give the A-trimethylsilyl derivative (1532) in 90% yield (81ZOR439). 
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F 3 C TOOEt f 3 c^ MOEt 

W ♦ MejSiCl -- C=C 

H 2 t/ 'COOEt Me 3 SiHN COOEI 

(1532) 


6. Halogenation 

The tetrachloro derivative (1533) was obtained from the reaction of 
sulfuryl chloride on diethyl phenylaminomethylenemalonate and its o- and 
p-chloro derivatives in chloroform in the presence of a catalytic amount 
of iodide at ambient temperature (55MI1). 

The bromination of arylaminomethylenemalonates (1534) with bromine 
in chloroform at ambient temperature resulted in saturation of the 
carbon-carbon double bond in the side chain and substitution of the 
aromatic ring in the ortho and para positions. The tetrabrominated prod¬ 
ucts (1535) were highly unstable and were sensitive to moisture (55JIC52). 
In the case of the m-nitro derivative (1534, R = R 2 = H, R 1 = N0 2 ), only 
bromine addition took place (55J1C52; 57JIC817). 


z Cl Cl COOEt 
Cl-/"^-NHCH-C-Cl 
COOEt 


(1533 ) 




COOEt 

-NHCH=C 


(1534) 

R = R*= H ; R’= H. Me 
R = MeO,C( ; R*= R } = 
R =R = H; R = OEt 


~\J 


Br COOEt 
-NHCHC-Br 
. COOEt 


( 1535 ) 

R = R*=Br; R’=H , Me 
R =MeO, Cl ; R’= H ; r3i Br 
R = Br, R*= H , R^ OEt 


If the bromination of phenylaminomethylenemalonates was carried out 
in acetic acid with bromine, only substitution of the aromatic ring occurred 
and, depending on the molar ratio and the reaction period, p-bromo or 
o,p-dibromo derivatives were obtained (57JIC817). From N-(m-nitrophe- 
nyl)aminomethylenemalonate, only 3-nitro-6-bromoaniline was obtained. 

Diethyl aminomethylenemalonate (13) decomposed to diethyl bromoma- 
lonate, ammonium bromide, and formic acid by the action of bromine 
in glacial acetic acid (14JCS27). A similar decomposition occurred on 
treatment with dry hydrogen chloride in benzene. 

2-Thienylaminomethylenemalonates (1536) were brominated with bro¬ 
mine in a mixture of pyridine and chloroform to yield the 5-bromo deriva- 
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tives (1537, X = Br) [75GEP2435025, 75JAP(K)77393, 75JAP(K)77394; 
87MI3]. 

N-(5-Iodo-2-thienyl)aminomethylenemalonate (1537, R = Me, R 1 = H, 
X = 1) was prepared from aminomethylenemalonate (1536, R = Me, 
R 1 = H) by treatment with iodine in chloroform in the presence of mer- 
cury(II) oxide at ambient temperature for 3 hr [75GEP2435025, 
75JAP(K)77393, 75JAP(K)77394; 87MI3]. 

The reaction of (trimethylsilylaminoXtrifluoromethyl) methylene- 
malonate (1532) and rm-butyl hypochlorite or N, /V-dibromobenzene- 
sulfonamide in benzene afforded 2-halogen derivatives of the malonate 
(1538) in 92% and 85% yields, respectively (81ZOR439). 



(1536 ) 


X = Br,I 



( 1537) 


F 3 C COOEt 

>-r x 

Me 3 SiN COOEt 
(1538) 

X = Cl, Br 


Amino(trihalomethyl)methylenemalonates (1539) were chlorinated with 
chlorine in carbon tetrachloride, with rm-butyl hypochlorite in benzene, 
and phosphorus pentachloride or N,N-dichlorobenzenesulfonamide in 
dichloroethane (68ZOR1710; 75ZOB873). Depending on the molar ratio, 
N-mono- or 7V,7V-dichloro derivatives (1540, R 2 = H, Cl) were obtained. 

The reaction of aminomethylenemalonates (1540, R 2 = H, Cl) and rm- 
butyl hypochlorite gave the 2-chloro derivatives of the malonates (1541) 
(79ZOR1552). 


X,C COOR X,C C00R 

JC=C - W 

H 2 N X C 00 R' CINR 2 VoOR 1 

X =Cl ,F RsMe.Et.Pr.tBu.Ph 

R 1 * Me, Et, Pr, iPr, tBu. Ph 
( 1539) (1540) 


XjC COOR 

_- V-C-Cl 

R 2 N X COOR 1 

R = H,Cl 

R = R'=Me,Et,Pr,tBu 

( 1541 I 


The treatment of diethyl N-(4-carboxy-3-hydroxyphenyl)aminomethy- 
lenemalonate with thionyl chloride at reflux for 2 hr afforded the acid 
chloride (1542), which then was reacted with ammonium hydroxide or 
anilines in dry acetone at ambient temperature for 1 hr to give the corre¬ 
sponding amide (1543) (75IJC1275). 
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"Tp 5 ^ COOEt _JWNOCy^ COOEt 

l^\^NHCH=C RNHj HCK\^NHCH=C 

COOEt COOEt 

(1542) R = H.Ph. 4ClPh (1543) 


N-(2-Carboxyphenyl)aminomethylenemalonate (1544) was reacted with 
thionyl chloride to yield the corresponding acid chloride (1545) 
(73IJC1332). 


COOEt 



(1544) 


SOCl; 


nr' 


COOEt 
■ NHCH=C 


^NoCl ' 

(1545) 


The treatment of aminomethylenemalonate derivative of a-D-glucopyra- 
nose (40, R = OH, R 1 = R 2 = H, R 3 = Et) by acetyl bromide in chloro¬ 
form at ambient temperature gave l-bromo-3,4,6-triacetyl derivative (40, 
R = Br, R 1 = H, R 2 = Ac, R 3 = Et). The latter was converted to methyl 
/3-D-glucopyranoside (40, R = H,R' = OMe, R 2 = Ac,R 3 = Et) by treat¬ 
ment with methanol in the presence of AgCOj (88MI4). 


7. Decarboxylation 

The decarboxylation of 1-pyrrolylmethylenemalonic acid (118) in boiling 
toluene in the presence of a few drops of pyridine for 20 min afforded 3- 
(l-pyrrolyl)acrylic acid (1546) in 32% yield (82CB714). 

An aqueous methanolic solution of (3-nitrophenyl)aminomethylenema- 
lonate (1547) was boiled in the presence of potassium hydroxide for 
8 hr to give 3-amino-3-(3-nitrophenyl)acrylate (1548) in 53% yield 
(87EUP228845). 


Q H 

H COOH 



C=C - C=CHC00Me 

'C00Me H 2 n' 


(1546) 


(1547) 


; 1548 
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The half esters (1549) were decarboxylated to give 3-(3-indolylamino)- 
acrylates (1550) in 31-58% yields. The half esters (1549) were esterified 
by treatment with diazomethane in THF, or the sodium salts of 1549 
were treated with ethyl iodide in hexamethylphosphortriamide to give the 
corresponding diester (1551) in 50-58% yields (82ZOR2001; 83ZOR1518). 


C00H 
R Z NCH=C 


C00R 3 

R Z NCH=C 




R » H. Me. PhCH, ; R’= H , Me ; R z = Ph, 4 MePh 
(1550) (1549) 


R=H; R = Me,Et 
(1551) 


The half ester of A r -(2-quinolinyl)aminomethylenemalonate (1552, 
X = CH, R = H) was decarboxylated by heating at 170-190°C for 30 
min to afford 3-(2-quinolinylamino)acrylate (1553, X = CH) in 39% yield 
(74MIP1). 



X =CH,R-H 
X = N, R sEt 


NHCH=CHCOOEt 


The heating of diethyl N-(\ ,5-naphthyridin-2-yl)aminomethylenemalo- 
nate (1552, X = N, R = Et) in boiling dimethyl sulfoxide for 3 hr gave 3- 
(1,5-naphthyridin-2-yl)acrylate (1553, X = N) in 64% yield (78MI7). 

jV-(3-Carboxyl-2-thienyl)aminomethylenemalonate (56, R = R 1 = H) 
was decarboxylated by heating in quinoline at 180-200°C for 1 hr to 
give 2-thienylaminomethylenemalonate (57, R = R 1 = H) in 66% yield 
(76GEP2447477). 

When JV-(3-carboxyfuro[3,2-b]pyridin-2-yl)aminomethylenemalonate 
(1432, R = H) was heated in Dowtherm A at 190-200°C, only decarboxyl¬ 
ation took place. No cyclization occurred. At higher temperature (about 
240°C) 1432 (R = H) decomposed (84G211). 


8. Miscellaneous 

From the diethyl A-(ethoxycarbonylmethyl)aminomethylenemalonate, 
diethyl (aminocarbonylmethylamino)methylenemalonate was obtained 
with aqueous ammonium hydroxide at ambient temperature, while ethyl 
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phenylaminomethylenemalonamate (12) was prepared by heating with ani¬ 
line (14JCS27). 

The heating of the amidrazone derivative (1554) in boiling toluene for 
9 hr gave 1555 in 45% yield (77BCJ957). 


2 R-< fOOEt 
''NNHCH=C 

COOEt . 


OCHNHI'T 
, C / NH0C COOEt 
^NNHCH=C 

COOEt 

(15551 


(Phenylamino)phenylmethylenemalono-(di-p-toluidine) (1556) was pre¬ 
pared when diethyl (phenylamino)phenylmethylenemalonate (4) was 
heated at 110-120°C in the presence of p-toluidine (36JCS428). 

The reaction of diethyl phenylaminomethylenemalonate and aniline in 
(V-methylpyrrolidine on heating at 180°C for 6 hr in the presence of trifluo- 
roacetic acid under nitrogen gave ethyl phenylaminomethylenemalona¬ 
mate (12) in 66% yield (78MI2). Arylaminomethylenemalonamate deriva¬ 
tives were prepared in the reactions of arylaminomethylenemalonates and 
anilines (46JA1246, 46JA1253; 50JCS607). 

The reaction of diethyl aminomethylenemalonate (13) with acetaldehyde 
derivatives in xylene in the presence of p-toluenesulfonic acid afforded 3- 
azapentadienes (1557) (70AP612). 


Ph ^ONH-tT^-Me 

f= C , x 

PhNH CONH-C A>-Me 
( 1556) 


R 0 R x COOEt 

jCH-C* + (13) -- )H-CH=N-CH=C 

R ,/ 'h R’ COOEt 


R = Ph; 
R = R’ = 


R'= Me.Ph 
0 Me 




( 1557 ) 


The reaction of aminomethylenemalonate (1558) with morpholine and 
with pyrrolidine gave a mixture of the amidine (1559) and the amine (1560), 
with an excess of the amidine (1559). In the case of N-methylpiperazine, 
only the amine (1560) was obtained (70IJC499). 

The reaction of 3-benzisothiazolylaminomethylenemalonate (1561) with 
morpholine at 100°C for 1 hr gave 3-(4-morpholinyl)-l ,2-benzisothiazole- 
1,1-dioxide (1562) (70IJC499). 
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V NHCH=(°° Et ♦ HN^,^ 
D-U COOEt 

( 1558) n = 0 ; n=1;X=O.NMe 




(1559) (1560) 



(1561) 



Dialkyl (1 -amino-2,2,2-trichloroethylidene)malonates were reacted with 
amines or hydrazine hydrate in DMF to give (diaminomethylene) 
malonates (1563) (65JPR239; 77ZOR954). 


CljC COOR r'hn coor 

W * H,NR« — W 

HjN COOR Hj(/ 'COOR 

R=Me,Et; RsH.Me.Pr, 

Bu. CHjCH,0H,NH 2 ( 1563 ) 

l-Nitro-2-amino-ethene and -propene derivatives (1566) were prepared 
in 21-40% yields in the reactions of EMME and diethyl 1-ethoxyethyli- 
denemalonate and amine and nitromethane at reflux temperature for 
2 hr (48JOC471). In the first step, aminomethylenemalonates (1564) were 
formed, which reacted with nitromethane in a base-catalyzed step to give 
addition products (1565). The latter decomposed immediately, as in the 
retrograde Michael reaction, to yield l-nitro-2-aminoalkenes (1566). 1- 
Nitro-2-morpholinoethene (1566, R = H, X = O) was also prepared from 
morpholinomethylenemalonate (1564, R = H, X = O) and nitromethane 
in the presence of a catalytic amount of morpholine. Without a catalyst, 
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/—\ R COOEt 

X NH * EtOC=C 
W COOEt 

X = 0,CH 2 R = H, Me 


Z_^ R COOEt 

X NC=C 
W COOEt 


MeN0 2 


(1564) 


_ R COOEt 

)Q|-C-{h 
w h 2 c cooEt 
no 2 

(1565 ) 


ru 


+ CH 2 (C00Et) 2 


(1566) 


no reaction occurred. Dimethylamine, diethylamine, dipropylamine, pyr¬ 
rolidine, and piperazine failed to give the corresponding l-nitro-2-aminoal- 
kenes. 

The reaction of 0-ethyl methylphosphinate (1567) and diethyl aceta- 
midomethylenemalonate (1568) in the presence of sodium ethoxide gave 
an addition product (1569), which was then hydrolyzed with concentrated 
hydrochloric acid [74RC1119; 83PS( 17)21 ]. 


COOEt 

AcNHCH=£ —- 

COOEt 


COOEt 
-CH-CH 
i NH COOEt 


«Me-P-CH-CH 2 C00H 
HO NH 2 


A 1 M or 2 M solution of sodium ethylate in ethanol was added dropwise 
at 60°C to a 1 : 1 mixture of acetamidomethylenemalonate (1568) and 
diethyl phosphite, while the temperature of the reaction mixture was raised 
to 100°C. At this temperature, the reaction mixture was stirred for 1.0- 
1.5 hr [76RC661; 88JCS(P1)61]. If the mixture was hydrolyzed with boiling 
concentrated hydrochloric acid overnight, 3-amino-3-phosphonopropionic 
acid (1572) was obtained in 75% yield (76RC661). When the cooled reaction 
mixture was treated with diethyl ether, then again boiled and filtered, and 


0 0 COOEt 

EtO-P-H ♦ 11568) —- EtO-P-CH-CH 
EtO EtO NH COOEt 

Ac 
(1571) 


HO-P-CH-CHjC00H 
HO NH, 

1 1572 ) 
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the filtrate was cooled to 0°C, the tetraester (1571) was obtained in 84% 
yield [88JCS(P1)61]. 

The malonic acid derivative (1573) was prepared from diethyl 1-piperi- 
dinylmethylenemalonate with propen-1-yl magnesium bromide at 0°C 
(61BSF2423). 


JCH=C 

dooEt 


MeCH=CH COOEt 

- /—\ /^ H-C \\ 

( N C-OEt 

'— / Mg-0 / 


COOEt 

- MeCH=CH-CH=C 

COOEt 

(157B ) 


The reaction of isopropylidene-(S)-glyceraldehyde-(V-allylimines (1574) 
and potassium A r -(2,2-diethoxycarbonylvinyl)aminoacetate (1575) in meth¬ 
ylene chloride in the presence of triethylamine or the action of p-tolu- 
enesulfonyl chloride at room temperature for 5 hr gave the corresponding 
3-azetidinylaminomethylenemalonate (1576) in 29% yield (84EUP116854, 
84EUP120289). 


M V°'l 

H 2 C=HCH,C' N 

(1574) 


COOEt 

l-CH=C 


NEt 3 H 2 C=HCH 2 C' 


, 0 ^ 


COOEt 
■NHCH=C 

COOEt 


The nitration of dimethyl (N-phenyl-Af-methylamino)methylthiomethy- 
lenemalonate with nitric acid in acetic acid at room temperature for 24 hr 
gave the 4-nitro derivative (1577) in 38% yield (69T4649). 

The formylation of diethyl 7V-ethyl-7V-(2-thienyl)aminomethylenemalo- 
nate with phosphoryl chloride and A/-methylformanilide or DMF in 1,2- 
dichloroethane for 2-5 hr gave the 5-formyl derivative (1578) in 70-89% 
yields (85EUP161235; 87MI3). 

MeS^ COOMe 
0jN-^\-N 'COOMe 

he 

(1577 ) 

The reaction of N-aryl-AZ-alkylaminomethylenemalonates (1580) with 
diazonium chlorides (1579) in 30% hydrochloric acid at 0-10°C gave dyes 
(1581) (79MIP4). 


,—. coc 

<-0*N-CH=C 
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R and R 1 = H ,Cl; R J = H .Me ; R 3 = Me . CH,0H , Ph 

(1579) (1580) (1581) 


-R 3 

COOEt 

:h=c 

COOEt 


Diethyl Af-(3-aminophenyl)aminomethylenemalonate (165, R = H) was 
diazotized, and the diazonium salt (1582) was then reacted with 2-amino- 
naphthalene (1583) at 0~10°C (80MI2). 



(1582) (1583 ) 


The /V-(2,2-diethoxycarbonyl)vinyl derivative of cephalosporin C (34) 
was reacted with thiols in water at pH 6.5 at 60°C for 5-6 hr, or in boiling 
methylene chloride for 50 min, or in the absence of a solvent at 140°C for 
15 min to give the mercapto derivatives (1584) (82EUP45717). When the 
mercapto derivatives (1584) first were reacted with dimethylaniline and 
dichlorodimethylsilane at 30°C for 10 min, the mixtures were then cooled 
to -10°C, and phosphorus pentachloride was added, followed by stirring 
at -5°C for 40 min, the 7-aminoceph-3-ene-4-carboxylic acid derivatives 
(1585) were obtained after work-up. 


H00C-CH-(CH ? )|C0NH^/ 

Th ( /^r' cH ’ sR 

II COOH 

Et00C" C "COOEt 


R= 

A 1 


/- n ^ch,sf 

COOH 

(1585) 


Metk N ^0H 


/V-(4-Fluoro-3-aminophenyl)aminomethylenemalonate (1586) was re¬ 
acted with dimethoxytetrahydrofuran in boiling glacial acetic acid for 
3-4 min to give N-[4-fluoro-3-(l-pyrrolyl)phenyl]aminomethylenema- 
lonate (1587) in 87% yield (86FRP2574404). 
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(1586) (1587) 


The treatment of dialkyl AM3-cyanophenyl)aminomethylenemalonates 
with hydrogen chloride in a mixture of dioxane and an alcohol at 2-4°C 
for 7 days afforded imino ethers (1588) in 50-68% yields, which were then 
converted with ammonia in an alcohol into amidines (1589) in 70-78% 
yields (76PHA145). 



(1588 ) ( 15891 


Diethyl N-(4-Aminophenyl)aminomethylenemalonate (167, R = H)was 
reacted with N, N'-bis(methoxycarbonyl)-5-methylisothiourea in the pres¬ 
ence of p-toluenesulfonic acid in boiling methanol for 4 hr to afford the 
guanidine derivative (1590) in 50% yield. The guanidine (1590) was oxi¬ 
dized in chloroform with lead tetraacetate to the quinoline diimine (1591), 
which cyclized to 1592. After methanolysis, the 2-(methoxycarbon- 
ylamino)benzimidazole derivative (1593) was obtained in 41% yield 
[86JCR(S)161]. 


/ NC0DMe / _- 

(167) R=H • MeS-c' — R’HN-fV 

'wHrnnMo '— ' 


NHC 


COOEt 

R’=-CH-C (1590) 
COOEt 
COOMe 


O NLUune /v m 

n -< — jQcV 1 

NHCOOMe 

R- 


^-NHCOOMe --11 ^-NHCOOMe 
(1592) 


Diethyl N-(4-hydroxy-4-phenylpiperidin-l-yl)methylenemalonate did 
not react with ketene in acetone to give a cyclobutanone derivative 
(64JMC68). 

The reaction of N-(4-ethoxyphenyl)thiourea and EMME at 150°C for 
1.5 hr gave 4-ethoxyphenylisothiocyanate (68YZ1003). 
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No reaction occurred between dimethyl acetylenedicarboxylate and 
morpholinomethylenemalonate in diglyme at room temperature 
(63JOC3134). 

Bis(aminomethylenemalonate) (163, R = H) formed nickel and cobalt 
complexes (1594) with metal acetate in methanol in 75% and 90% yields, 
respectively (85ZC28). 

The template condensation of diethyl jV-(2-aminophenyl)aminomethy- 
lenemalonate (162, R = H), ethyl 2-[N-(2-aminophenyl)amino]methy- 
leneacetoacetate, and Ni(II) acetate tetrahydrate in boiling ethanol for 
20 hr gave a 60% yield of unsymmetrically substituted nickel(Il) complexes 
of type 1595, which were characterized by UV, 'H- and ,3 C-NMR spectra 
(88MI2). 


(163) R=H 


MlIItACj -- 

M = Ni and Co 


COOEt 



(1594 ) COOEt 


COOEt 



1 1595 ) COOEt 


Bis-condensation products of 1,2-diaminoethylene and o-phenylenedia- 
mine with EMME gave stable 1 : 1 chelates (1596) with Cu(Il) and Ni(Il) 
acetate andNi(II)acetylacetonate. Diethyl vV-(2-aminophenyl)aminometh- 
ylenemalonate (162, R = H) and Ni(II) acetate formed a 2 : 1 chelate 
(1597) (67MI1). The noncoordinated carbethoxy group could be hy¬ 
drolyzed to the carboxy group with aqueous potassium hydroxide in 
methanol. 


HC ; 



HC. 


COOEt 
ssC^ .OEt 

li R = H ,-(CH=CH) f 
V M = Ni, Cu 

•'C" C "0Et 
COOEt (1596) 



The reaction of cephalosporanic acid (1598) and cyclopenteno(6)pyri- 
dine in a 3 : I mixture of water and acetone in the presence of potassium 
iodide and ascorbic acid at 66-68°C for 4 hr gave the pyridiniumceph-3- 
ene-4-carboxylate derivative (1599) in 14% yield (84GEP3316796). 

The reaction of N-P-UrimethoxysilyOpropyllaminomethylenemalonate 
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R = (CH 2 )jCHNHCH=C(C00Et) 2 
( 1598 ) COOH 115991 


(1600) and tri(2-hydroxyethyl)amine afforded aminomethylenemalonate 
(1601), which inhibited the growth of adenocarcinoma 755 by 50-68% 
(82MI7). 


MeO^ COOEt /~° v COOEt 

MeO-Si(CHj)jNHCH=C ♦ N(CH,CH J 0H) J — bt-Si(CH 2 ),NHCH=C 
Meo' COOEt COOEt 

I 1600 ) 11601 ) 


The reaction of 2-amino-5,7-dimethyl-1,8-naphthyridine and EMME in 
boiling Dowtherm A for 45 min gave the pyrido[l,2-a]-l,8-naphthyridine 
derivative (1602) in 40% yield. The same product (1602) was obtained in 
44% yield in the reaction of N-(l,8-naphthyridin-2-yl)aminomethylene- 
malonate (1603) and EMME in boiling Dowtherm A for 1 hr. The thermal 
ring closure of 1603 was unsuccessful. An ethanolic suspension of 1603 
was treated with concentrated aqueous ammonium hydroxide at reflux for 
24 hr to give 2-aminopyrido[l,2-a]-l,8-naphthyridine (1604) in quantitative 
yield (80FES1052). 



(1602 ) R = CH=C(C00Et)j 
(1604) R = H 


The triethylamine salt of 7-aminocephalosporanic acid (1605) was acy- 
lated at -5°C with anhydride 1606, prepared from diethyl (carboxymeth- 
ylamino)methylenemalonate and isobutyl chloroformate in the presence 
of triethylamine at — 15°C, to give compound 1607 in 62% yield 
(74GEP2362978). 
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EtOOC / 

c=chnhch 2 -c' 
EtOOC r s 


EtOOC g 

,N s EtOOC- c=chnhch 2 cnh s 

Q J-j C^^OCOMe • KXo, 


COOH 

(1605 


COOH 
(1607 ) 


B. Reactions of Alkylidene Aminomethylenemalonates 

The treatment of isopropylidene phenylaminomethylenemalonate with 
85% sulfuric acid at ambient temperature for 14 hr gave phenylaminometh- 
ylenemalonic acid in 42% yield (81CB3471). 

Isopropylidene (l-aminoalkylidene)malonates (454) were heated under 
reflux in ethanol in the presence of sodium ethylate overnight. After evapo¬ 
ration of the solvent, the residues were treated with water to give 3- 
aminoacrylates (1608) in 48-89% yields. If the residues were treated with 
water and 10% hydrochloric acid, 3-oxo esters (1609) were obtained in 
22-81% yields. When isopropylidene (l-aminoalkylidene)malonates (454) 
were heated under reflux in concentrated hydrochloric acid, methylke- 
tones (1610) were prepared in 24-73% yields (81 SI30). 


R 

t=CHC00Et 

|N' 

(1608) 


1. NaOEt/EtOH 
2. H 2 0 


R = H,Me,Et,Pr,iPr,Bu , 
nCnH 35 ,cPr,Ph,4-N0 2 Ph 
PhCH 2 


R, C-0 Mi 
C=C C 
HjN he 


ccHCt 


RCOMe 


(1610) 

(454) R =PhCHj, Ct(CH 2 ), 

11. NaOEt/EtOH "1 = 3,4 

2 H 2 0 - HCl 


R-C-CH 2 C00Et R = Me,Et,Pr,iPr,Bu , cPr 
0 nCtjHji, Ph, CH 2 C00Et 

(1609) 


Isopropylidene amino(ethoxycarbonylmethyl)methylenemalonate 
(1611) and boron trifluoride etherate were heated under reflux in ethanol 
for 48 hr. When the reaction mixture was treated with aqueous potassium 
carbonate, the triester (1612) was obtained in 40% yield, while after evapo¬ 
ration of the solvent and treatment of the residue with water, diethyl 3- 
oxoglutarate was isolated in 22% yield (81S130). 

The ethanolysis of isopropylidene (alkylbenzyliminosulfanylidene)- 
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o s 

EtOOCCHj r-0 y Me 

c=c t; 

H 2 n' 'c-d' Me 


(1611) 



EtOOCCHj / C00Et 

W 

HjN' 'cOOEt 
(1612) 

EtOOCCH 2 COCH 2 COOEt 


aminomethylenemalonates (1613) in boiling ethanol in the presence of p- 
toluenesulfonic acid for 48 hr gave isopropylidene aminomethylenemalo- 
nate in 47% yield (88CB805). 


PhCHj NH 

0 o N 

\\ 'c-l/ Me A / EtOH V-o' he 

o' o' 

(1613 ) 


3-Chloroperbenzoic acid was gradually added, below 40°C, to a solution 
of isopropylidene TV-(6-methyl-2-pyridyl)aminomethylenemalonate in 
chloroform, and the reaction mixture was then heated on a steam bath 
for 30 min to yield the TV-oxide (1614) (74USP3856800, 74USP3857851; 
75USP3869464, 75USP3873554, 75USP3876650, 75USP3882132). 

Isopropylidene TV-substituted aminomethylenemalonates (442, R 1 = 
R 2 = Me) were methylated with methyl iodide in dimethyl sulfoxide in the 
presence of sodium hydride at room temperature overnight to give the N- 
methyl derivatives (1615) in 56-90% yields [88JCS(P 1)863, 88JCS(P2)759]. 

Alkylidene phenylaminomethylenemalonates (444) were reacted with 
sodium hydride or lithium hydride in acetonitrile at 40°C for 2 hr. The 
reaction mixtures were then cooled to 0-20°C, and they were treated with 
a solution of dialkyl peroxydicarbonate in methylene chloride for 24 hr to 
give 5-alkoxycarbonyloxy-5-phenyliminomethyl-l,3-dioxane-4,6-diones 
(1616) in 54-75% yields (80CB2630). 


jfY V , Me 

Me^N^NHCH=C C 
0- )c—(/ Me 

0 


C-0 Me 

H=c v A 


R 2 0C0 x V— 0 n R 

c c 

PhN=(fH N C-0 / V 
// 

0 

R =R’=Me; -(CHj) s - 
R 2 = Et, PhCH 2 
( 1616 ) 


(1614) 


R = tBu.Ph.4-tBuPh 
(1615) 
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The coupling of isopropylidene aminomethylenemalonates (1617) with 
amino acid esters gave the corresponding protected dipeptide (1618) in 
41-90% yields (85MI3; 86YZ154). Alkaline hydrolysis of the protected 
dipeptides (1618) at room temperature afforded the free dipeptides (1619) 
and isopropylidene hydroxymethylenemalonate (85MI3). Acidic hydroly¬ 
sis was unsuccessful. 

The reaction of isopropylidene piperidinomethylenemalonate and 
methyl magnesium iodide in a mixture of diethyl ether and THF at room 
temperature gave isopropylidene ethylidenemalonate in 92% yield 
(88JA1880) (Scheme 58). 


\ 

C-0 S Me 

R‘CHNHCH=c' c' 
C00H j, C-o/ Me 

116171 


nh 2 

RCHCOOEt 

DCC 

N -hydroxysuccinimide 


w 

R’CHNHCH=C v c' 

conhchr) c_o/ Me 
EtOOC “ 

11618) 


10% NaOH 


NHj R R a H, iBu 

-- R’CHCONHCHCOOEt R'= H , Me ,PhCH : 

(1619) 


C. Reactions of 2-Azacycloalkylidenemalonates 

The treatment of tri(tert-butyl) ester (511) with trifluoroacetic acid gave 
compound 1620 (85CC583). 

The heating of isopropylidene (thiazolo[5,4-</]thiazolidene)malonate 
(496) in concentrated sulfuric acid at 90°C for 10 min afforded the dimethyl 
derivative (1621) in 92% yield (74UKZ1331). 

Isopropylidene malonate derivatives (501) were boiled in a mixture of 


r~\ / c-0 \ , Me 

( NCH=C C • MeMgl —- 


c< 


.C-0 / Me 
~ c \ c 
'c-0' 'Me 


'Mg-o' 


W'Me 


Scheme 58 
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acetic acid and 50% perchloric acid or in hydrochloric acid for 30 min to 
give 2-methylbenz[cd]indole salts (1622) 75-96% yields (82ZOR435). 

5-Nitro-2-methylpyridine was obtained in 87% yield when diethyl malo- 
nate was reacted with 5-nitro-2-chloropyridine in DMF in the presence 
of sodium hydroxide at room temperature, and the diethyl (5-nitro-2- 
pyridyl)malonate was then hydrolyzed and decarboxylated by heating in 
dilute hydrochloric acid at reflux temperature (88GEP3707361, 
88GEP3708093). 


R R* 



R = CHjCHjCOOMe ; R'= CH ? C00Me 
11620 ) 




The treatment of isopropylidene (2-azacycloalkylidene)malonates (468, 
R 4 = H) with sodium ethylate in boiling ethanol for 12 hr or overnight 
gave the amino ester (1623) in 58-91% yields (79JOC3089; 88FRP2607497). 
Acidic and nonacidic alcoholysis was ineffective (79JOC3089). 

Isopropylidene [ 1 -(3-chloropropyl)piperidin-2-ylidene]malonate (1624) 
in refluxing ethanol in the presence of boron trifluroide etherate was trans¬ 
formed into ethyl [l-(3-chloropropyl)piperidin-2-ylidene]acetate (1625) in 
90% yield (87H2335, 89T6161). Similar reaction was also carried out with 
isopropylidene [l-(2-chloroethyl)pyrrolidin-2-ylidene]malonate (89T6161). 



Me 

c 

(CH 2 >3 'f-o' Me 


(1623) 


(162 U) 


a CHCOOEt 
(CH 2 ), 

Cl 

(1625) 


The treatment of isopropylidene (6-oxopiperidin-2-ylidene)malonates 
(540, n = 1) with sodium ethylate in boiling ethanol overnight afforded 
ethyl (6-oxopiperidin-2-ylidene)acetates (1626), with Z configuration, in 
39-73% yields (81TL2255). 

A methanolic solution of isopropylidene (3-methyl-6-oxopiperidin-2-yli- 
dene)malonate (537) was boiled overnight in the presence of sodium meth¬ 
ylate to give monomethyl malonate (1627) in 86% yield (86JST319). The 
half ester (1627) was decarboxylated at 150°C to afford methyl (3-methyl- 
6-oxopiperidin-2-ylidene)acetate (1628) in 95% yield. 
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H COOEt 
(1626 ) 


0 XX:- COOH 

COOMe 
( 1627 ) 


rr*„ 

H COOMe 
(1628 ) 


Ethanolic solutions of isopropylidene (azacycloalk-2-ylidene)malonates 
(1629) were boiled in the presence of sodium ethylate overnight to give 
ethyl (azacycloalk-2-ylidene)acetates (1630, XR = OEt) in 56-90% yields 
(83S195). Acrylates (1630, X = 0) or acryl amides (1630, X = NEt) were 
also prepared when mixtures of cyclic esters (1629) and the respective 
alcohol or amine were heated for 30 min at a temperature 25°C higher than 
the decomposition point. The latter was sometimes carried out in acetone. 




R n 

MXR X ’° Et 3- 5 ' 11 

(CHj)„ C=c' iPr 3 

V^NMe S H tBu 3 

CH 2 Ph 3 

( 1630) X =N£t Et 3 


40-90 

80 

43 

65 

56 


The heating of ethanolic solutions of isopropylidene (2-pyrrolidinyli- 
dene)malonates (1631) in an autoclave at 230°C for 30 min afforded ethyl 
(2-pyrrolidinylidene)acetates (1632) in 60-62% yields (88FRP2607497, 
88TL3061). 


H X-0 v Me N \ 


COOEt 
, -(CH 2 ),Me (1632) 


The treatment of isopropylidene (1,3-oxazol-2-ylidene)malonates (1633) 
with methanol at 120°C gave methyl (l,3-oxazol-2-ylidene)acetates (1634) 
in 14-49% yields (86JHC701). 

The heating of (2-pyrrolidinylidene)- and (2-imidazolidinylidene)malo- 
nates (534, X = CH 2 , R = Me; X = NPh, R = H) in boiling ethanol in 
the presence of sodium ethylate for 8 hr gave the corresponding acetate 
(1635) (88AP429). 

(l,4-Benzodiazepin-2-ylidene)malonates (503) were heated in boiling 
methanol in the presence of sodium hydroxide or potassium hydroxide 
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R 1 l 

jH? /C-O Me 

R-^O^C V 

'C-O' v Me 



U "f 

COOMe 

(1634 ) 


under nitrogen for 3-5 hr to give (l,4-benzodiazepin-2-ylidene)acetates 
(1636) (83USP4401597). 

Di-/m-butyl 2-thiazolylidenemaIonates (1637) were treated with trifluo- 
roacetic acid in methylene chloride at ambient temperature for 30-40 min 
to afford equilibrium mixtures of (thiazol-2-ylidene)acetates (1638) and 
(thiazolin-2-yl)acetates (1639) in 82-100% yields (85AJC745). 

R 

R'A-X X = CHj.R = Me 

X = NPh , R = H 

H COOEt 
(1635 I 



(1636) 


An ethanolic solution of diethyl thieno[2,3-/)-l,4-thiazepin-5(2//)-yli- 
dene malonate (515) was refluxed in the presence of sodium ethylate. The 
reaction mixture was then evaporated, and the residue was treated 
with water to give (thieno[2,3-/|-l,4-thiazepin-5-ylidene) acetate (1640) 
(86EUP183994). 

H H H 

R4-S COOtBu R 4- S -, Rs£-S. 

T v =c -- T >=CHC00tBu === T >-CH 2 C00tBu 

R-T-N 'COOtBu R'T'N R'T'N / 

H H H H H 

(1637) (1638 ) ( 1639 ) 

R = H 2:1 

R = (CH 2 ) 4 1 1 

• ■ - 

The thermolysis of isopropylidene 2-azacycloalkylidenemalonates (468, 
R 2 = R 4 = H, n = 0-2) gave unstable ketenes (1641), which were reacted 
with alcohols, thiols, and protic amines to afford Z-enamino ester deriva¬ 
tives (1642) in 63-98% yields (81TL963). 
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(1640) COOEt 



(1641) 



X =0, S, NH.NEt H COXR 
= Et,iPr,tBu ,PhCH 2 (16i>2) 


The reduction of diethyl (c«-octahydrobenzothiazol-2-ylidene)malonate 
(1643) with aluminum amalgam, sodium borohydride, tris(triphenylphos- 
phine)rhodium(I) chloride, [RhCl(pyridine) 2 (HCONMe 2 )(BH 4 )] + Cl“ and 
diimide were unsuccessful (85AJC745). The reaction of diethyl (c/'s-octahy- 
drobenzothiazol-2-ylidene)malonate (1643) and methyl iodide in diethyl 
ether or in ethanol in the presence of sodium hydride at room temperature 
for 4 days gave the N-methyl derivative (1644) in 45% and 29% yields, 
respectively. When the reaction was carried out in DMF or in a 1 : 5 
mixture of diethyl ether and sulfolane, mixtures of N-methyl (1644) and 
C-methyl (1645) derivatives were obtained. The treatment of diethyl (cis- 
octahydrobenzothiazol-2-ylidene)malonate (1643) with potassium hydrox¬ 
ide in boiling ethanol for 4 hr gave 2-methyl-cw-octahydrobenzothiazole 
(1646) (85AJC745). 



(1644) 


a: 


COOEt 

jh ( _Me 

1 COOEt 



in DMF 39 % 39 % 

in 1 : 5 of Et,0 and 50% 19% 

sulfolane 


Diethyl (4,4-dimethyl-2-pyrrolidinylidene)malonate (534, X = CMe 2 ) 
was A-methylated with dimethyl sulfate, in THF in the presence of pot¬ 
assium fcrf-butylate, in 75% yield (88AP429). 

2-Thiazolidinylidenemalonate (1647, R = H) was alkylated with di¬ 
methyl sulfate in boiling acetone in the presence of potassium carbonate 
for 20 hr to afford (3-methylthiazolidin-2-ylidene)malonate (1647, R = Me) 
in 86% yield (69T4649). 

The lithium salt (1648) of the spiro malonate (550) was methylated with 
methyl iodide in a mixture of THF and DMF at 20°C for 60 hr to give the 
N-methyl derivative (1649) in 58% yield (78JOC3702). 

The exocyclic double bond of (tetrahydro-l,3-thiazin-2-ylidene)malo- 
nate (527) was saturated by reduction with Hg/Al in methanol at ambient 
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11647) (1648) (1649) 


temperature for 1 hr, when the 1,3-thiazine contained a methoxycarbonyl 
group at position 5. However, the endo cyclic double bond was hydro¬ 
genated when it bore an acetyl group at position 5 to give (tetrahydro- 
1,3-thiazin-2-yl)malonate (1650) and (hexahydro-l,3-thiazin-2-ylidene) 
malonate (1651) in 84% and 62% yields, respectively [83PS( 15)143]. The 
reaction of the 5-acetyl derivative (527, R = COMe) with sodium borohy- 
dride in boiling methanol for 30 min led to reduction of the acetyl group, 
to afford the 5-( 1-hydroxyethyl) derivative (1652) in near quantitative yield 
[83PS( 15)143]. 

MeOOC MeOOC MeOOC 

MeOOC' T Sn 1 H 9 /Al MeOOC- C YS H 9 /Al MeOOC- C Y Sv ) 

HN^A C00Me R-coOMe HN '^R R sCOMe HN -^C0Me 
( 16S0 ) (527 ) (1651) 


I NaBH* 
JR *C0Me 

MeOOC 



(16521 


The N -oxide of (1,4-benzodiazepin-2-ylidene)malonate (503, R = H, 
n = 1) was deoxygenated by catalytic hydrogenation over Raney Nickel 
in a mixture of methanol and THF at atmospheric pressure for 5 hr 
(83USP4401597) and by treatment with phosphorus trichloride in methy¬ 
lene chloride at ambient temperature overnight (75JOC153; 83USP- 
4401597). 

4-Pyrimidinylidenemalonate (1653) was converted into the isopropyli- 
dene derivative (1654) in 70% yield by treatment with the boron trifluoride 
methanol complex in methylene chloride and then with 2,2-dimethoxypro- 
pane (87TL2821). 

(Thieno[2,3-e]diazepinylidene)malonate (506, R = H, R 1 = 2-ClPh, 
X = CCI, Y = S) was heated in boiling methanol in the presence of pot- 
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(16531 (16541 

assium hydroxide for 3 hr under nitrogen; the solvent was evaporated, the 
residue was dissolved in methylene chloride, and the solution was treated 
with aqueous sodium bicarbonate. The organic layer was evaporated; the 
residue was dissolved in glacial acetic acid and treated with sodium nitrite 
at ambient temperature to give thieno[2,3-<?]diazepine-2-acetate (1656) via 
1655 (83USP4401597). 



( 1657 ) (1658 1 


(Pyrazolo[3,4-e]diazepin-2-ylidene)malonate (506, R = Et, R 1 = Ph, 
X = N, Y = NMe) afforded pyrazoloazepine-2-acetate (1658) via 1657 
under similar conditions (83USP4401597). 
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Chapter 7 


Appendix 


A. Miscellaneous Methods 


The antiamoebic activities of 2-imidazolylaminomethylenemalonate 
(1659) were investigated via in vitro and in vivo tests [84IJC(B)342]. 

Insecticidal activity of diethyl AM4-chloro-2-methylphenyl)aminometh- 
ylenemalonate was investigated against American and German cock¬ 
roaches (86MI7). 

Different salts of phenylaminomethylenemalonate (1660) were prepared 
in water (77GEP2553788). 




COOEt 

NHCH=C 

COOEt 


(1659) 


COOEt 

^NHCH=C 

iooEt 


M = Na , HjNCHjCHjOH 




The sodium salt of the phenylglycine derivative (33) was investigated as 
an absorption promoter for the rectal absorption of beta-lactam antibiotics 
and insulin [80JAP(K)31040; 81CPB1998, 81CPB2012]. 

(Naphthothiazol-2-ylidene)malonates (1661 and 1662) were applied in 
silver halide photographic emulsions as sensitizer dyes [82JAP(K)54936]. 


K 


'COOMe 
R=Me ,Et 


,’)= C v 

He COOMe 


The antibradykinin activities of malonates (1663 and 1664) were investi¬ 
gated (81KFZ50). 


OMe 

N^NH 

Et00C> c< <k N A c -'COOEt 
EtOOC COOEt 

(1663 ) 


EtOOC_ ^ COOEt 

X 

HN^NH 

Et00Cv r A N A r -'C00Et 
i H 7 
EtOOC COOEt 

(1664 ) 
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The reaction of 3-methyl-5-pyrazolone with diethyl 2-acylmalonates at 
140-150°C for 2 hr afforded pyrazolo[5,l-/>]oxazine-6-carboxylates (1665) 
in 22-64% yields [77JAP(K)77089]. 

COOEt 

♦ RCOCH -- 

£oOEt 

1166S ) 




When the reactions were carried out in chloroform for 2 hr, isopropyli- 
dene methoxymethylenemalonate reacted on the active methylene group 
of 2-benzimidazolylacetate and acetonitrile (1666) in the first step, and in 
the next step, one of the ring nitrogens was involved in a cyclization 
to give pyrido[l,2-a]benzimidazole-2-carboxylic acids (1667) in 86-89% 
yields (88YZ856). 


R = COOEt,CN 




B. Recent Research 

Ethyl 4-hydroxy-2-methylquinoline-3-carboxylates (1669) were pre¬ 
pared in 3-61% yields when anilines and diethyl acetylmalonate were 
heated in the presence of a few drops of concentrated hydrochloric acid 
at 45-55°C for 16 hr in vacuo (20-100 mm Hg). The temperature of the 
reaction mixtures was then raised to 190-200°C, and the reaction mixtures 
were stirred at this temperature for 0.5 hr (88KGS931). From the mother 
liquors, l-(arylamino)ethylidenemalonates (1668) could also be isolated. 
When the starting materials were reacted in boiling benzene in the presence 
of hydrochloric acid, the quantities of water and malonate formed were 
determined. Kononov et al. concluded from their results that the reaction 
pathways depended on the basicity of the anilines: if the p/C a value of the 
amine was lower than 3, the starting materials practically did not react 
with the acetyl group of the acetylmalonate. When the p K a value of the 
amine lay in the range 4.5-5.5, the formation of 1-anilinoethylidenemalo- 
nate (1668) predominated, while with p K a above 5.5, that of the acetanilide 
was favored. Thus, the aminopyridines afforded only acetamidopyridines 
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COOEt 

MeCOCH — 
COOEt 


OH COOEt 
'NHCCH 
fi^COOEI 



COOEt 

lioOEt 


R R 1 


H Cl 
H MeO 


Yield % 
61 
33 
32 
50 



F H 2.5 


(1668 ) 


( 1669) 


instead of the corresponding diethyl l-(pyridyIamino)ethylidenemaIonates 
or 2-methylnaphthyridine-3-carboxylates. 

Diethyl aryl(chloro)methylenemalonates ( 1670 ) were reacted with ani¬ 
line in the presence of triethylamine at 90°C for 12 hr to give aryl(phenyl- 
amino)methylenemalonates ( 1671 ) in 57-66% yields (90JOC2513). The 
thermal cyclization of compound 1671 (Ar = 3-furyl) at 250°C gave quinoli- 
necarboxylate ( 1672 ) in 85% yield. The cyclizations of compounds 1671 
(Pr = Ph, 3-thienyl) in poly phosphoric acid at 210-230°C for 5 min af¬ 
forded tetracyclic derivatives ( 1673 ) in 50-75% yields. 


Cl COOEt 
PhNH 2 + C=C 

Ar ioOEt 

Ar = Ph (1670 ) 


PhNH COOEt 

W 

Ar 7 COOEt 
(1671) 




(1672) 


3 - thienyl 
3-furyl 



X= -CH=CH- 
-S- 


(1673) 


Diethyl malonate was reacted with 2,3,4-trifluorophenyl isothiocyanate 
in the presence of sodium hydride in THF at 5-10°C for 40 min, and then 
at ambient temperature for 105 min, to give the sodium salt of diethyl 
(2,3,4-trifluorophenylamino)(mercapto)methylenemalonate. The latter 
was then treated with l-acetoxy-3-chloroacetone or p-methoxybenzyl 
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chloride in DMF at room temperature for 30-60 min to afford diethyl 
(2,3,4-trifluorophenylamino)(3-acetoxy-2-oxopropylthio)- and (p-meth- 
oxybenzylthio)methylenemalonates in 89% and 94% yields, respectively 
(88EUP286089). 

Dimethyl bis(methylthio)methylenemalonate was reacted with 4-[(2- 
aminoethylmercapto)methyl]-5-methylimidazole in ethanol and then with 
methylamine to give bisaminomethylenemalonate (1674) in 15% yield 
(82AP680). 

Diethyl benzothiazol-2-ylidenemalonate ( 1675 ) was prepared in the reac¬ 
tion of diethyl bis(methylthio)methylenemalonate and 2-aminothiophenol 
in boiling ethanol for 16 hr in 78% yield (90CB541). 


MeS C00R 
\=C 

MeS COOR 


ch 2 sch 2 ch 2 nh 2 

1. O^Me 


R =Me 



(1675) 


ch 2 sch 2 ch 2 hn v 
C N >Me MeHN ' 


/OOMe 

c=c 

' 'cOOMe 


(1674) 


Cyclization of diethyl (V-[cyclohepta(6)pyrrrol-2-yl]aminomethylene- 
malonates ( 1676 ), by heating in xylene, /-butylbenzene, or tetralin at reflux 
temperature, gave cyclohepta[4,5]pyrrolo[l,2-a]pyrimidine-3-carboxyl- 
ates ( 1677 ) in 46-90% yields (87BCJ1053). Cyclization were also carried 
out in a mixture of phosphoryl chloride and polyphosphoric acid. While 
compound 1676 (R = COOEt) gave 1677 (R = COOEt) in 95% yield, the 
unsubstituted 1676 (R = H) afforded a mixture of 1677 (R = H) and 4- 
hydroxycyclohepta[4,5]pyrrolo[2,3-6]pyridine-3-carboxylate ( 1678 ) in 7% 
and 48% yields, respectively. The nitrogen bridgehead compound ( 1677 , 
R = H) could not be transformed into pyridine derivative ( 1678 ). 

Insecticidal activity of dialkyl [(diethoxyphosphinyl) (dialkylamino)- 
methylene]malonates was investigated against aspids and flies (84MI3). 

Some carbon-13-proton spin coupling constants of dimethyl N,N- 
dimethylaminomethylenemalonate were determined (90IZV356). 

The crystal structure of isopropylidene N, /V-dimethylaminomethylene- 
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malonate was determined in an X-ray crystallographic study [89- 
JCR(S)118]. 

Diethyl TV.N-dimethylaminomethylenemalonate was obtained in the re¬ 
action of di-ferf-butyl[bis(dimethylamino)methyl]phosphine and diethyl 
malonate at 80-100°C for 1 hr in 45% yield (88ZOB1445; 89ZOB2206). 

The amino group of alkenamides was reacted with EMME at 140-160°C 
(89EUP302016). 

Imidoyl chlorides ( 1679 ) were reacted with dimethyl malonate in THF 
in the presence of sodium hydride at room temperature to give aminometh- 
ylenemalonates ( 1680 ) in 67-82% yields (89TL4821). The 4-methylphenyl 
derivative of 1680 (R = 4-MeC 6 H 4 ) was cyclized by heating in cumene at 
200°C to afford 4-hydroxy-2-trifluromethylquinoline-3-carboxylate ( 1681 ) 
in 66% yield. 

Ct 

R-N=C * 

CF, 

R = C00EF 

R = 4-MeC^ 

<1679) (1680) (16811 

Diethyl N-[2,4-bis(dimethylamino)-l,3,5-triazin-6-yl]aminomethylene- 
malonate was prepared in the reaction of 2,4-bis(dimethylamino)-6-isocya- 
no-l,3,5-triazine and diethyl malonate in boiling benzene in the presence 
of copper(I) chloride for 4 hr in 83% yield (89JHC901). 

The treatment of quaternary salts ( 1682 ) with diethyl malonate in the 


C00EF 

‘i” 2 NaOEt' 

COOEt 
X s CH,N 

(16821 (16831 
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presence of sodium ethylate in ethanol at ambient temperature gave amino- 
methylenemalonates (1683) in 60-71% yields (89M269). 

The reaction of 3-methyl-2-oxo-3-butenoates and dimethyl (amino- 
thiocarbonyl)malonate afforded (dihydro-1,3-thiazin-2-ylidene)malonate 
(1684) under acidic conditions, while in the presence of triethylamine, 
(tetrahydro-l,3-thiazin-2-ylidene)malonates (1685) were the products 
(88SC1043). 

The reaction of diethyl and isopropylidene [mercapto(phenylamino)- 
methylene]malonates and 3,3-pentamethyleneoxaziridine in toluene af¬ 
forded the appropriate (3,3-pentamethylene-l,2,4-thiadiazolidin-5-yli- 
dene)malonates(89EGP270910). 


Me- C / S / C00Me 

V C=0 * C-CH 
R00C / Hjrf 'COOMe 



R = Me,Et.PhCH 2 

Me Y^ s 

ROOC^A^COOMe 

COOMe 



^COOMe 


COOMe 


(1684 I 


(1685 ) 


Dialkyl and isopropylidene malonates were reacted with 2-chloro-l,3- 
thiazinium chlorides (1686) in methylene chloride in the presence of trieth¬ 
ylamine to give (1,3-thiazin-2-ylidene)malonates (1687) in 5-13% yields 
(89AP593, 89GEP3803783). 



x =o,s 

R 1 = Me, CHjPh 



( 1687 I 


Instead of the amino group, the ring carbon 5 of the 6-glycosylaminopyri- 
midines (1688) was involved in the reaction with EMME in boiling acetic 
acid for 10-24 hr to give the corresponding (E)-5-(2-ethoxycarbonylvinyl) 
derivatives (1689) in 12-25% yields (88H2439). 
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EMME -- 

X = O.S ,R = H.CHjOAc 


( 1688 ) 



( 1689 I 


The reaction of diethyl acetyl- and propionylmalonates with hydroxyl- 
amine hydrochloride or its N-methyl derivative in ethanol afforded the 
appropriate ethyl 3-alkyl-2,5-dihydro-5-oxo-4-isoxazolecarboxylate (88- 
TL6339). 

Ethyl 3-methyl-5-oxopyrazoline-4-carboxylate and its 1-methyl deriva¬ 
tive were prepared in the reaction of diethyl acetylmalonate and hydrazine 
hydrate, and methylhydrazine in acetic acid at 95-100°C for 3 hr in 83% 
and 95% yields, respectively (89SC2087). 

The heating of diethyl 2-(2,4,6-trichlorophenyl)hydrazino methylene- 
malonate, prepared from 2,4,6-trichlorophenylhydrazine and EMME in 
ethanol at -10°C, gave ethyl l-(2,4,6-trichlorophenyl)-5-hydroxypyra- 
zole-4-carboxylate at 170-175°C for 45 min in 82% yield (89USP4804398). 

The reaction of 2-pyridylhydrazine and EMME in diphenyl ether at 
190°C for 30 min give ethyl 5-hydroxy-l-(2-pyridyl)pyrazole-4-carboxylate 
in 6% yield (89MI435). 

The thermal cyclization of N-[4-fluoro-3-(2-methyl-l,3-dioxolan-2-yl)- 
phenyl]aminomethylenemalonate (1690, R = H) in Dowtherm A at 250°C 
for 2.5-3 hr afforded a I: I mixture of the isomeric 5- and 7-substituted 4- 
hydroxyquinoline-3-carboxylates (1691 and 1692, R = H) (90JMC1246). 

MeV^ COOEt 

R 'yo COOEt 

R 

(1690) 



(1691 ) 


(1692 ) 
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When the 2,4,5-trimethyl-1-3,-dioxolane derivative (1690, R = Me) was 
cyclized, then a 1 :9 mixture of 5- and 7-substituted quinolinecarboxylates 
(1691 and 1692, R = Me) was obtained. 

Potassium salt of ethyl 7-chloro-6-fluoro-4-hydroxyquinoline-3-carbox- 
ylate (759, R = Cl, R 1 = F) was isolated in pure form from a mixture of 
isomeric ethyl 5-chloro-6-fluoro- and 7-chloro-6-fluoro-4-hydroxyquino- 
line-3-carboxylates (758 and 759, R = Cl, R 1 = F) by heating in DMF in 
the presence of an excess of potassium carbonate (89USP4868305). 

The heating of diethyl /V-(3-hydroxy-2-methoxyphenyl)aminometh- 
ylenemalonate in boiling diphenyl ether in the presence of water af¬ 
forded decarboxylated 4,7-dihydroxy-8-methoxyquinoline in 61% yield 
(89MI5). 

Regioselective cyclization of N-(4-benzoyl-5-benzimidazolyl)amino- 
methylenemalonates (969, R = H, Me) was observed. When the cycliza¬ 
tion was carried out in polyphosphoric acid, then 4-phenylimidazo- 
[4,5-/]quinoline-5-carboxylates (970) were obtained, while the thermal 
cyclization in diphenyl ether at 200°C, or the cyclization in a mixture 
of phosphoryl chloride and polyphosphoric acid afforded 4-benzoyl-8- 
hydroxyimidazo[5,4-g]quinoline-7-carboxylates (971) (89KFZ692). 

Cyclization of dialkyl N-(4-substituted or 2-substituted 3-thienyl)amino- 
methylenemalonates in phosphoryl chloride yielded the corresponding 3- 
substituted 7-chlorothieno[3,2-6]pyridine-6-carboxylate (89MIP1), or 
l-substituted-4-chlorothieno[3,4-/j]pyridine-5-carboxylate, respectively, 
[89JCR(S)196], 

2,3,4-Trifluorophenyl isothiocyanate was reacted with diethyl malonate 
in THF in the presence of sodium hydride at ambient temperature for 1 hr 
to give diethyl mercapto[(2,3,4-trifluorophenyl)amino]methylenemalonate 
(1693). The latter was alkylated with chloromethyl methyl ether in the 
presence of triethylamine (89EUP315827). Aminomethylenemalonate 
(1694) was cyclized by heating in diphenyl ether at 230°C for 15 min to 
yield quinoline-3-carboxylate (1695). 



(1693) ( 1694) (1695) 


3-(Cyanomethylamino)-l-phenyl-2-buten-l-one was cyclized in an exo¬ 
thermic reaction in ethanol in the presence of sodium ethylate. Then the 
reaction mixture was treated with mol. equiv. of acetic acid and EMME to 
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give 3-pyrrolylaminomethylenemalonate ( 1696 ) in 81% yield (90JHC1201). 
The pyrrole nitrogen of 1696 was alkylated by methyl iodide in DMF in 
the presence of potassium tert-butylate, and by chloroacetonitrile in THF 
in the presence of sodium hydride at room temperature to give (1-substi¬ 
tuted 3-pyrrolyl)aminomethylenemalonates ( 1697 ) in 86% and 84% yields, 
respectively. The amino group of 1697 (R = H) was alkylated with di¬ 
methyl sulfate in boiling THF in the presence of sodium hydride overnight 
to give 3-pyrrolylaminomethylenemalonate ( 1698 ). Aminomethylenemalo- 
nates ( 1697 ) were cyclized by heating in boiling Dowtherm A to give 7- 
hydroxypyrrolo[3,2-b]pyridine-6-carboxylates ( 1699 ). 7-oxo-4,7-Dihy- 
dropyrrolo[3,2-6]pyridine-3-carboxylate ( 1700 ) was obtained by the ring 
closure of 3-pyrroIylaminomethylenemalonate ( 1698 ) by heating in poly¬ 
phosphate at 90°C for 75 min. 


COOEt 

^nh-:h=c 

„J COOEt 

H R = H, X= I 

(1696) R =CN.X =Cl 


, x K^H-CH=C _Aj 
~ Me_ \X COOEt , 

(1697) 


^ Me- 
Ph-C 


Ph ' C v 

Me-fl 


Me COOEt 

,n-:h=c 

COOEt 


'Ph Me 
(1700! 


Diethyl N-cyclopropyl(6-chloro-5-trifluoromethyl-2-pyridinyl)amino- 
methylenemalonate ( 1701 , R = Cl, R 1 = Et) was obtained in the reaction 
of sodium salt of diethyl cyclopropylaminomethylenemalonate and 2,6- 
dichoro-3-trifluoromethylpyridine in dimethyl sulfoxide at 50°C for 4 hr in 
86% yield (90JHC1527). When 1701 (R = Cl. R 1 = Et) was reacted with 
ethoxycarbonylpiperazine in dimethyl sulfoxide at 100°C for 16 hr, then a 
1:1 mixture of 2-pyridylaminomethylenemalonate ( 1701 , R = 4-eth- 
oxycarbonylpiperazinyl, R' = Et) and 2-(cyclopropylamino)-6-chloro-5- 
trifluoromethylpiridine were obtained in 40% yield. However, the 6-phe- 
nylthio derivative ( 1701 , R = SPh, R' = Et) was prepared in high yield in 
thereactionofthe6-chloro derivative ( 1701 , R = C1,R' = Et) and sodium 
phenylsulfide in dimethyl sulfoxide at ambient temperature for 2.5 hr. 

The ring closure of N-cyclopropyl-N-(2-pyridyl)aminomethylenemalo- 
nates(1701, R = Cl, SPh, R 1 = Et) were investigated in a mixture of acetic 
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anhydride and concentrated sulfuric acid at 60-110°C (90JHC1527). In the 
case of 6-chloro derivative (1701, R = Cl, R 1 = Et), only a mixture of 
hydrogen, ethyl 2-pyridylaminomethylenemalonates (1701, R = Cl and 
OH, R 1 = H), was obtained. The 6-phenylthio derivative (1701, R = SPh, 
R 1 = Et) afforded 1 ,8-naphthyridine-3-carboxylate (1702) in 45% yield. 

Diethyl (1,4-benzothiazin-4-yl)methylenemalonates were cyclized to 
pyrido[l,2,3-£/e]-[l,4]benzothiazine-6-carboxylates by heating in a mix¬ 
ture of acetic acid and concentrated sulfuric acid or in polyphosphoric 
acid (89EUP310969). 



coor' f 3 c 

- CH=C 1 PhS 

COOEt 

R=SPh;R’=Et 


(1701) 


,C00Et 


(1702) 


The ring closure of(l,2,3,4-tetrahydroquinolin-l-yl)methylenemalonate 
was achieved by heating in polyphosphoric acid (89EUP323189). 

N-cyclopropyl- and N-ethyl-N-(substituted phenyl)aminomethylene- 
malonates were cyclized in polyphosphoric acid [89EUP332033, 
89JAP(K)83068], in ethyl polyphosphate (89USP479490), and in phospho- 
ryl chloride (89EUP304158). 

Ethyl 2-(3-pyridyl)-7-hydroxy-1,2,4-triazolo[ 1,5-a]pyrimidine-6-car- 
boxylate was obtained in the reaction of 3-amino-5-(3-pyridyl)-1,2,4- 
triazole and EMME in boiling acetic acid for 4 hr in 22% yield 
[89IJC(B)242], 

The reaction of diethyl 1-ethoxyethylidenemalonate and an 3-amino- 

1.2.4- triazole derivative yielded an ethyl 7-methyl-5-oxo-l,5-dihydro- 

1.3.4- triazolo[4,3-a]pyrimidine-6-carboxylate [88JAP(K)246739]. 
A r -(Pyrazolo[3,4-r/]pyrimidin-3-yl)aminomethylenemalonate (1703) was 

cyclized in ethanol in the presence of sodium ethylate to yield pyra- 
zolo[5,4-d: 2,3-a]dipyrimidine-7-carboxylate (1704) [89JCR(S)333]. 


Me COOEt 

^ NHCH=C 

Ph^N^ toc * 



(1703) 


(1704) 
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The thermal cyclization of isopropylidene N-(2-unsubstituted 4- 
pyrimidinyl)aminomethylenemalonates gave 4//-pyrimido[I ,6-a]pyrim- 
idin-4-ones (90JMC1963), while that of isopropylidene (2-substituted 4- 
pyrimidinyl)aminomethylenemalonates afforded 5-hydroxypyrido[2,3-</] 
pyrimidines (90SL549). 

Flumequine was prepared when 6-fluoro-2-methyl-l,2,3,4-tertrahydro- 
quinoline was first reacted with alkylidene malonates and trimethyl ortho¬ 
formate in THF in the presence of p-toluenesulfonic acid, and then the 
products, alkylidene (6-fluoro-2-methyl-l,2,3,4-tetrahydroquinolin-l-yl) 
methylenemalonates, were cyclized in xylene on the action of polyphos- 
phoric acid or ethyl polyphosphate at I10-lI5°Cfor 1 hr (89EUP310849). 

The gas-phase thermolysis of isopropylidene N-(2-hydroxyethyl)amino- 
methylenemalonates (1705), prepared from the appropriate 2-hydroxy- 
ethylamines and isopropylidene ethoxymethylenemalonate (422), gave 
1,4-oxazepinones (1706) in 47-70% yields (89BSF657). When a phenyl 
ring was also present on the amino group of the N-(2-hydroxyethyl)amino- 
methylenemalonate (1705, R = Ph), the hydroxyl group of the ethyl chain 
was again involved in the cyclization to give 1706 (R = Ph). If the hydroxy 
group is on a phenyl ring, i.e. isopropylidene N-(2-hydroxyphenyl)amino- 
methylenemalonate was the starting material, then 4,8-dihydroxyquinoline 
was the product instead of the appropriate benzo[/?][l,4]-oxazepinone. 



(1705 ) (1706) 


Recently Chuche, Pommelet, Wentrup and their co-workers reported 
the investigation of syntheses and flash vacuum thermolyses of isopropyli¬ 
dene alkylaminomethylenemalonates (1707, 1713, 1716, and 1722) (91- 
JOC9709). 

Thermolysis (550-650°C/10 4 -I0“' Torr) of /ert-butylaminomethylene- 
malonate (1707) gave a tautomeric equilibrium of (Z/E)-3-hydroxypropene- 
nitrile and cyanoatetaldehyde (see Scheme 59). The products of thermoly¬ 
sis of 1707 were investigated by 1R spectroscopy at 77° K using a special 
apparatus. 

At a pyrolysis temperature of 380-440°C the formation of two ketenes 
(1710 and 1711) was detected. The carboxy(imidoyl)ketene (1710) was 
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~ UO°C j 
tBuN / 


c=c=c=o 

H / 1 2080 ci 



(1708 ) 

380“cl -MeCDMe 
/° 

tBuN^ JL* ) 2150 cm' 1 

'c-c* 

H \oOH 
(1710) 



c-c' ^2120 on’ 

(1711) 

I Me 

5M>“C - 'c=CH 2 


h' S 
(1712) 


H OH 

C=C --‘ NsC-CH 2 -CH0 

NC" V H 

Scheme 59 


stable to -75°C on warm up, while the imidoylketene (1711) was stable to 
-120°C. It was suggested that the carboxy(imidoyl)ketene (1710) derived 
from the enol tautomer (1708) of 1707 by the elimination of acetone. At a 
higher pyrolysis temperature (440°C) the appearance of a methyleneketene 
(1709) (stable to -150°C), formed from 1707 by concerted elimination of 
acetone and carbon dioxide, could be also observed. In another experi¬ 
ment, starting from ethyl 3-(tm-butylamino)acrylate between 750-850°C, 
a sign of ketene imine (1712) appeared in IR spectra. This high-temperature 
formation of ketene imine (1712) from iminoketene (1711) by 1,3-hydrogen 
shift is in keeping with the earlier experiments which indicated that this 
type of 1,3-hydrogen migration possessed a relatively high activation 
energy. 
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The flash vacuum thermolysis of l-(isopropylamino)methylenemalonate 
(1713) at 600°C yielded iminoacrolein (1715) via imidoylketene (1714). 1 ,3- 
Methyl migration, similar to 1,3-hydrogen shift between 1711 and 1712, 
could not be detected giving cyanoacetone by elimination of propene (see 
Scheme 60). 

The flash vacuum thermolyses (600°C) of (disubstituted methylene)- 
malonates (1716) yielded cyanothioacetates and cyanoacetamides, respec¬ 
tively (1720, R 1 = SMe and NHiPr, NHtBu, NMe 2 ), besides acetone, 
carbon dioxide, and isobutene or propene (see Scheme 61). In these cases 
the imidoylketene-to-acylketene imine rearrangement (1717 —* 1718 or 
1719 —> 1720) was facilitated by the presence of an electron-rich meth- 
ylthio or alkylamino group (R 1 = SMe and NHiPr, NHtBu, NMe,). 

At the thermolyses of isopropylamino derivatives (1716, R = H), the 
formation of iminoacroleines (1721) R 1 = NHiPr, NMe 2 ) was not observed 
from the intermediates 1717 (R = H) by 1,5-hydrogen shift analogues to 
1714 1715 in Scheme 60. 

The thermolysis of al!ylaminomethylenemalonates(1722) at 500-550°C 
gave 2-cyanopent-4-enecarboxylic acid derivatives (1723), in which both 
the allyl and R 1 groups had undergone migration (Scheme 62). The forma¬ 
tion of iminoacroleins was also not observed in these cases. 

Diethyl mercapto[(2-pyridyl)amino]methylenemalonate (1724) was 
treated with methylene iodide in DMF in the presence of potassium car¬ 
bonate at 50-60°C for 6 hr to give 3-(2-pyridyl)-l,3-thiazetidin-2-ylidene 
malonate (1725) (89EUP312794). Thiazetidinylidenemalonate ( 1725) was 
cyclized in fuming sulfuric acid at 0°C for 12 hr to give 4-oxo-l,3- 
thiazeto[3,2-£i]-l,8-naphthyridine-3-carboxylic acid (1726) in 61% yield. 



(1713 ) 


Me 2 CH-N C / 


C-C' 

Me NT 1 


1,5-H 


Ma 2 C=^ Ct° 
c=c 

Me h 


(1714 ) 



(1715) 


N=C-CH 2 C0Me 


Me 2 CH-N 

_ 'c 0 

-MeCH=CH 2 /“C 

H Me 


Scheme 60 
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W 

R 1 \ 
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JO 

nc-ch 2 -c / 

V 

(1720) 


Scheme 61 


Dialkyl A/-(benzoxazin-4-yl)methylenemalonates and their optically ac¬ 
tive forms (1728) were prepared in the reaction of the appropriate pheny- 
laminomethylenemalonate (1727), triphenylphosphine, and diethyl azodi- 
carboxylate in THF at -20°C (89EUP3228I5). The hydroxyl group of 
racemic and optically active phenylaminomethylenemalonates (1727) were 
tosylated with p-toluenesulfonyl chloride in pyridine, and the products 
were cyclized by heating in DMF at 80°C in the presence of potassium 
carbonate and a catalytic amount of l8-crown-6-ether to give 1728 
(89EUP322815). 



(1722 ) 

~ 550 °C | -C0 2 

J -MeCOMe 


| N P 

CH^CH-CHj-CH-C^ 

R 1 

R 1 = SMe, NMe 2 

(1723) 

1(3,3) 


H*f\ 

'c=c=c=o 

r"' 


-1,3 -H 



Scheme 62 
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Cl ^ HS COOEt ci R 00 A /COOEt 

c=c - CH —— X — 

O H C00Et oO ~ 


o°c 

ccH 2 SO t 



(1726) 


The racemic ethyl ester of 1727 (R = Et) was resolved by HPLC with 
modified silica gels [89JAP(K)261380]. 

The cyclization of the racemic methyl ester of 1727 (R = Me) and its 
(S) enantiomer by boron trifluoride gave 9,I0-difluoro-7-oxopyrido[l,2,3- 
de’]-l,4-benzoxazine-6-carboxylic acid and its optically active form, re¬ 
spectively [89J AP( K)2289741. 


YT 


COOR 
H-CH=C 
‘A-'Mvu, COOR 



( 1727) 


(1728) 


When aminomethylenemalonates (1729) were left to stand at ambient 
temperature in acetonitrile in the presence of p-toluenesulfonic acid for 2 
days, 3,4-dihydro-j6-carboline derivatives (1730) were obtained in good 
yields (89AJC813). 


R = Me,Et 


(1729 ) (1730) 

The methylenemalonate moiety was used as an A-protecting group at 
the esterification of amino acids. After the esterification of the carboxyl 
group with the appropriate alkyl bromide in acetone in the presence of 
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triethylamine at room temperature, TV-deprotection of amino esters was 
readily achieved with bromine in chloroform at ambient temperature 
(89S544). 

Benzoylation of N-(2,2-diethoxycarbonylvinyl)-/3-D-galactopyranosy- 
lamine and -/3-D-gluco analogue in pyridine with benzoyl chloride afforded 
mixtures of di-, tri-, and tetra-Obenzoyl derivatives. From 2,3,6-tri-O- 
benzoyl-N-(2,2-ethoxycarbonylvinyl)-j8-D-galatopyranosylamine and -/3- 
D-glucopyranosylamine the amines were liberated with bromine or chlo¬ 
rine in chloroform or methylene chloride (89MI4). 

Ethanolysis of isopropylidene bis(cyclohexylamino)methylenemalonate 
(1731) afforded 2-oxo ester (1732) in boiling ethanol in the presence of 
sulfuric acid, and the hydrolysis of 1731 in dioxan in the presence of 
concentrated hydrochloric acid gave amidine (1733) (88ZC436). 

Dimethyl )V-(3-methyl-2(3//)-benzothiazol-2-ylidene)malonate was used 
as a secondary harmonic generating agent at the production of nonlinear 
optical materials [89JAP(K)205130]. 


HnC»HN V 0 Me HCl 

K x — 

Hi,C t HN o >-° Me 
( 1732 ) (1731 ) (1733) 


H 1t C 6 NH _ n 


H„C 6 N 

CCHjCOOH 

HuCihN 


C. Reaction of Dialkyl Alkoxymethylenemalonates 
with Amines 

Ammonia: 59BCJ188; 74G715; 75JCS(P1)I517; 81JCS(P2)561, 

Primary (cyclo)aliphatic amines: 41CB1111; 52JCS650; 60JA718; 

62JOC306; 64JMC68; 65MI1,65ZOR348; 67MI1; 68MI1; 69MI1; 70AP612; 
721JC686; 73GEP2322073; 74G715, 74GEP2362978; 75GEP2336723, 
75JCS(P1)1517, 75JHC1245; 76IJC784, 76JCS(P1) 1331; 77H1699, 

77H1821, 77MI3; 78CC943, 78CPB2224; 79JAP(K)119484, 79MI1; 
80EUP9609, 80GEP2947948, 80GEP3002659, 80GEP3008884, 80JAP- 
(K)31040; 81CPB1998, 81GEP3018132; 81JCS(P2)561; 82EUP45717, 
82JAP(K)116048, 82JHC289, 82MI7; 83S946; 84MI7; 85MI3, 85TL1769; 
86EUP174832, 86MI8, 86MI9, 86MIP2; 87AJC1617, 87JCS(P1)2079, 
87MI4, 87T191; 89AJC813, 89GEP3825382, 89S544; 90JHC1527 
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Secondary aliphatic amines: 48JOC471; 62JA635; 64JMC68; 69JA6683; 

75FES917; 77H1821; 78CPB2224; 80T2125; 81GEP3018132; 84USP- 
4444581, 84USP4444582; 86MI2; 89EUP323189, 89GEP3825382 


Cyclic amines: 48JOC471; 52JCS650; 60JA4044; 61BSF2423; 

62JOC306; 64JMC68; 66CB281, 66JMC774; 72JMC1203, 72MI3; 
73GEP2264163; 74GEP2415763, 74USP3840522; 75USP3883522, 

75USP3917609, 75ZOR420; 76M1P3, 76USP3969463 , 76USP3976651, 
76USP398753,76USP3985882; 77USP4001243,77USP4014877; 78JAP(K)- 
82799; 79GEP2849158, 79GEP2914218, 79GEP2914258, 79JAP(K)154797, 
79JAP(K)163598; 80JAP(K)38364, 80JAP(K)145612, 80JAP(K) 149284; 
81BEP885605, 81FRP2463771, 81FRP2476079, 81GEP3018132, 81JAP- 
(K)55388; 82BEP891046, 82BEP891537, 82EUP47005, 82JAP(K)203085, 
82USP4348521; 83EUP79162, 83JAP(K) 13585, 83JAP(K)29789, 83- 
JAP(K)52290, 83JAP(K)90511, 83USP4380543, 83USP4404207, 83USP- 
4416884; 84CPB4907, 84CPB4923, 84EUP101829, 84EUP109284, 

84EUPI09285, 84EUP119779, 84GEP3306772, 84GEP3308908, 84JAP- 
(K) 122493, 84NEP1115, 84USP4443447, 84USP4456606; 85JAP(K)- 
126290, 85JAP(K)208987, 85USP452148; 86EUP174832, 86EUP184384, 
86EUP203795, 86EUP206283, 86GEP3519926, 86JAP(K)204188, 86MI14, 
86USP4565872; 87EUP245913, 87JMC465, 87JMC839; 88AP241, 

88EUP252352, 88EUP267432, 88EUP273399, 88JAP(K)60990, 88M761; 
89CPB2103, 89MI2, 89EUP310969, 89JAP(K)228974, 89JAP(K)261380, 
89S544 


CARBOCYCLIC AMINES 

Aniline: 46JA1264. 46JCS1033; 48JCS893; 50JOC1224; 55J1C52; 

63USP3079366; 74G715; 77JMCI001; 78MI2; 79MI4; 81ABC2769, 
81EUP22078; 82EUP55068, 82USP4312870; 83BSF66; 86EUP174832; 
89MI3, 89T889 


2-Substituted anilines: 46JA1204, 46JA1264, 46JA1268, 46JA1277; 

47JA371, 47JA374; 48JCS893; 49BRP627297, 49JA3236, 49JOC277; 
50JCS464; 51JCE126; 52JA2637; 54JIC951; 55JIC52; 57M12; 59JCS2401, 
59MI1; 66NEP2994; 67BRP1070333; 69CJC489, 69GEP1815467; 70CR- 
(01189, 70FRP7731, 70GEP1925607; 72JMC230, 72JMC235; 731JC1332, 
73JPS834, 73MI1; 74FRP2186244, 74GEP2411523, 74GEP2421121, 
74JMCI37; 75JCS(P1)2409 ; 76MI3, 76MI4; 78JMC268; 79MI4; 

80NEP1752; 82USP4343804; 84EUP116518, 84FES95; 85JMC298; 
86EUP174832, 86JAP(K)106557), 86KFZ313; 87EUP245054, 87YZ123 
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3- Substituted anilines: 46JA1204, 46JA1264, 46JA1268; 47JA371, 

47JA374; 48JCS893; 49BRP627297, 49JA3236, 49JOC277; 51JCE126; 
54JIC951; 55JIC52; 63BRP942524; 66NEP2994; 67BRP1070333; 69- 
FRP2002888, 69JMC232, 69USP3472859; 72ACH469, 72GEP2224090, 
72JMC235, 72MI3; 73AJC907, 73USP3755332; 74FRP2193822, 74- 
GEP2421121; 75BRP1396681, 75USP3907808; 76PHA145, 76SZP- 

578534; 77JMC1001; 78JMC268, 78YZ1291; 79MI4, 79USP4137227; 
80GEP2856908, 80NEP1752; 81GEP3018132, 81JAP(K)65874; 82CPB- 
3517,82EUP67772,82IJC(B)444,82JMC57,82USP4343804; 83EUP70767; 
84EUP116518,84FES95,84JHC1857; 86EUP174832,86KFZ313;87FES3, 
87JHC1509, 87YZI23; 90JHC1177 

4- Subslituted anilines: 46JA1204, 46JA1264 , 46JAI277; 46JCS1033; 

47JA371, 47JA855, 47JA1659, 47J1C223; 48JA4063, 48JCS893; 

49BRP627927, 49JOC277; 50JCS384, 50JCS607; 51JCE126; 52JPJ1112; 
54JIC951; 55JIC52, 55USP2719848; 56JCS3079; 58MII, 58M14; 61MI2; 
64IJC461; 67BRP1070333; 68SAP6075; 69FRP7375, 69FRP2002888, 
69JMC357, 69USP3472859; 70GEP2033969; 72ACH469, 72GEP2146675, 
72JMC235; 73AJC907, 73CI(M)542, 73MI1; 74G715, 74GEP2421121; 
75BRP1396681; 76FES237,76SZP578534,76U SP3976651,76U SP3985753; 
77GEP2705446; 78JMC268, 78YZ1291; 79LA387, 79MI4; 80GEP2856908, 
80NEP1752; 81JCS(P2)561; 82EUP67772, 82IJC(B)444, 82USP4343804; 
83EUP70767, 83FES219; 84EUP112289, 84EUP116518, 84FRP2537139; 
85USP4560692; 86EUP174832, 86EUP174833, 86KFZ313; 87FES3, 
87YZI23; 90JHC1177 

/V-Substituted anilines: 46JA2009; 60JA718; 69BRP1147336, 

69JA6683; 71JHC357; 72HCA1319; 73C1(M)542; 74GEP2246503, 

74JMC137; 75JCS(P 1)2409, 75JHC557; 76FES237, 76GEP2613595; 
79JHC1353, 79MIP4; 79USP4146625; 80GEP3007006; 81ABC2769, 
81GEP3018132; 82HCA2645; 83BSF66; 84BEP899399, 84EUP106489; 
85FES237, 85GEP3433924, 85JAP(K)28964, 85JAP(K)12627I, 85JAP(K)- 
166678, 85NKK2054, 85SAP3954, 85USP4533735; 86EUP172004, 

86EUP183129, 86EUP195316, 86JAP(K) 143364, 86MI13; 87JAP(K)26272, 
87JIC481, 87NEP471, 87USP4636506; 89EUP304158, 89EUP332033, 
89JAP(K)61461, 89JAP(K)83068, 89USP4797490, 89USP4874764 

Polysubstituted anilines: 46JAI232, 46JA1264 , 46JA1268; 47JA371; 

48JA4063 ; 49BRP627297; 50JCS464 ; 51JCE126; 54JIC951; 58M14; 
60CB642; 63BRP942524; 64BEP640906; 65BEP659237; 66BEP670520, 
66JMC934, 66NEP447, 66NEP2994; 67USP3316147; 68BRP1120870, 
68BRP1122715, 68FRP1531495, 68JOC1435, 68SAP5655; 69BRP1168105, 
69FRP2002888, 69GEP1908262; 70FRP7611,70FRP7975, 70FRP1518462, 
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70JHC171, 70JMC870, 70USP3546225; 72ACH351, 72JMC230, 

72JMC237, 72JMC937; 74GEP2246503, 74GEP2421121, 74GEP2431584, 
74JHC849, 74JMC137, 74NEP8800, 74NEP11324; 75IJC1275, 75- 
JAP(K)49286, 75JCS(P1)2409, 75USP3907808; 76ACH91, 76HI347, 
76MI2, 76MIP1. 76SZP578534; 77GEP2550519, 77JAP(K)83596, 77JAP- 
(K.) 125176, 77MI4, 77PHA223; 78GEP2747199, 78JIC193, 78JPR937, 
78MI6; 79CPB1, 79EGP134225, 79GEP2840910, 79JAP(K)14978, 

79JHC1353, 79MI5; 80JAP(K)33453, 80JMC1358, 80JPS933, 80NEP1752; 
81EUP28698, 81FRP2463771, 81GEP3018132, 81JAP(K)65874, 81JAP- 
(K) 128773; 82CPB3530. 82EUP62001, 82HCA2645, 82JAP(K)139014, 
82JAP(K)203085, 82JHC289. 82MI5, 82SZP627755, 82USP434804; 
83ACH341, 83EUP77938, 83EUP96214; 84FES910, 84FRP2537140, 
84ZN(B)384; 85BEP902337, 85CP1192554, 85EUP153163, 85EUP155244, 
85JAP(K)166681, 85JMC298, 85M1P1; 86EUP174832, 86EUP179239, 
86EUP184384, 86FES366, 86JAP(K)37771, 86JAP(K)65882, 86JAP- 
(K) 143363, 86JPS1185, 86MI4, 86MI7, 86M111, 86MI13, 86MIP3; 
87EUP216345, 87EUP230053, 87JAP(K)263157, 87JHC399, 87JHCI509, 
87MI6, 87M1P1, 87NEP471, 87YZ123; 88EUP259804, 88EUP287951, 
88JAP(K1239269, 88JHC1567, 88JPS458, 88M761, 88M17, 88MIP1, 
88 USP4719302, 88USP4777252; 89CCC506, 89EUP304158, 89EUP- 
322815, 89EUP323189, 89JAP(K)224362, 89JAP(K1265088, 89M1105, 
89USP4868305; 90JMC129, 90JMC1246 

o-Phenylenediamines: 46JA1320; 57MI2; 59MI1, 64JMC68; 67MI1; 

68AF1214; 72GEP2220294; 78USP4123536; 81ZC286; 83JHC681; 85ZC28 

m-Phenylenediamines: 54JA1109; 72GEP2220294; 83JHC681; 84MI4; 

85EUP134165, 85FRP2548664; 86FRP2574404 

p-Phenylenediamines: 49JCS1017; 86EUP174832 

Aminocycloheptatrienes: 55BRP723341; 59NKZ75; 60NKZ295; 61- 

MI 1; 68NKZ620; 83USP4381304, 83USP4382088 

4- Aminoindene: 70GEP1912944; 73GEP2222818, 73GEP2222833 

5- Aminoindene: 70GEP1912944 

1- Aminonaphthalenes: 46JA1327; 48JCS893; 64JMC487; 71JHC357; 

72HCA1319; 74JMC137; 80MI1 

2- Aminonaphthalenes: 39JA2890; 46JA1327; 54JA2429; 62JOC306, 

62JOC4137; 67USP3324003, 67USP3324135; 72HCA1319 

5- Amino-1,2,3,4-tetrahydronaphthalenes: 69S AP5212; 70GEP1912944 

6- Amino-l,2,3,4-tetrahydronaphthalenes: 69SAP5212; 70GEP1912944 
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Aminonaphthohydroquinones: 67JOC3210 

1,8-Diaminonaphthalenes: 67N115 

2,3-Diamino-1,4-naphthoquinone: 88LA799 

1-Aminoanthracenes: 62MI2 

1- Aminoanthraquinones: 59MI1; 87MI8 

2- Aminoanthracenes: 62MI2 

2- Aminoanthraquinones: 59M11 

1,5-Diaminoanthracenes: 62MI2 

Diaminoanthraquinones: 59MI1 

2-Aminophenanthrenes: 54JPJ203 

2-Aminofluorenes: 51JA1844 


MONOCYCLIC AMINES WITH ONE HETEROATOM 
2-Aminofurans: 66JHC202 

2- Aminothiophenes: 75GEP2435025, 75JAP(K)77393, 75JAP(K)- 
77394; 76GEP2447477, 76JAP(K)48440, 76JAP(K)101127, 76JAP(K)- 
101128; 77JHC807; 78BEP858479, 78MI3; 80MI4; 84EUP126970 

3- Aminothiophenes: 77JHC807; 78JCR(M)4701, 78JCR(S)393; 80- 
JCR(S)4; 82EUP46990, 82JCR(M)4701, 82JCR(S)158; 84EUP126970; 
87T3295; 88EUP269295; 89JCR(S)196, 89MIP8112 

2- Aminopyrroles: 75JCS(P1)1910; 80GEP3017625; 82JHC909, 82M14; 
85JCS(2)1881, 85JHC1429; 86SAP9289; 87FES787, 87JHC297; 89- 
JHC1029 

3- Aminopyrroles: 85JHC83, 85JHC729, 85JHC817; 90JHC1201 

1- Aminopyridinium salts: 73JCS(P 1 )2580 

2- Aminopyridines: 48JA3348; 62BEP6I2258, 62JOC4137; 66MI1; 
68JOC3015, 68USP3404153; 69CPB1832; 70BRP1208279; 71G129, 
71GEP2108046, 71IJC201, 71JCS(C)2735, 71JCS(C)2985; 72AF815, 
72G253, 72GEP2125310, 72JAP25349, 72JMC1203; 73BRP1322318, 
73FRP2138216, 73GEP2318821, 73JAP(K)34897; 74GEP2362553; 75- 
JHC427, 75M1P1; 76M1P5, 76USP3960847; 77GEP2648770; 78GEP- 
2811483, 78KGS1671, 78MII, 78MI5; 79BEP873195, 79GEP2906253, 
79USP4169092; 80EUP9425, 80JAP(K) 130980, 80MIP2; 81CP1114822, 
81JAP(K)46811, 81JAP(K)131583; 82CPB2399, 82FRP2496663, 82FRP- 
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2500833, 82JHC909, 82MI4, 82MI5; 83JOC4132, 83KGS816; 84AJC1065, 
84CPB4914, 84FRP2531084, 84GEP3308089, 84JHC673, 84KG799; 85- 
EUP153163, 85EUP153828, 85EUP159174, 85JAP(K)112790; 86EUP- 
172651, 86EUP174832, 86EUP218423, 86T3537; 87JHC215, 87JMC1622; 
88EUP265230, 88MI7, 88USP4777252; 90JHC1527 

3- Aminopyridines: 46JA1204, 46JA1317; 54JCS2357, 54JOC2008; 
56BRP743901; 65USP3225055; 66BRP1022214, 66MI2; 69USP3429887; 
70BRP1182369, 70USP3506668, 70USP3517014; 71JOC1331; 74MI2; 
76NEP9159, 76SAP4716; 77GEP2607012, 77MI6; 77USP4026881; 78- 
BAP509, 78BRP1509695, 78JOC1331, 78USP4107315; 79CZ387, 79MIP3, 
79USP4137233; 80YZ38;81CP1103253,81JHC941,81MI6; 84EUP115469, 
84JAP(K)93080; 85AJC459; 86EUP174832; 89EUP346207 

4- Aminopyridines: 50JOC1224; 57M13; 65USP3225055; 74GEP- 
2362553; 77GEP2612314, 77USP40I8770, 77USP4032523; 82CPB2399, 
82JHC1581, 82JMC837 

1,2-Diaminopyridinium salts: 75YZ1497 

2,6-Diaminopyridines: 46JAI317; 84MI4; 86EUP174832 

3,4-Diaminopyridines: 59JA6297 

Bis(2-aminopyridin-3-yl)disulfides: 89EUP329126 

2-Aminoazepines: 73JAP(K)34897; 75M1P1; 80BEP883216; 82JHC- 

909, 82MI4; 84H2285; 85JCS(P2) 1881 

2- Aminoazocines: 82JHC909, 82MI4 

MONOCYCLIC AMINES WITH TWO HETEROATOMS 

3- Aminoisoxazoles: 82J AP( K) 158789 

5- Aminoisoxazoles: 72AP833, 72GEP2213076, 72GEP2213077; 73- 
GEP2237765, 73GEP2301267; 74GEP2329809; 75USP3862947, 75USP- 
3912737, 75USP3925388; 88JHC231 

2- Aminooxazoles: 72JMC1203; 73BRP1331059 

3- Aminoisothiazoles: 86EUP174832 

4- Aminoisothiazoles: 86EUP174832 

5- Aminoisothiazoles: 80JHC717; 82IJC(B)458; 86EUP174832 

2-Aminothiazoles: 54JPJ966; 59JOC779; 62JOC306; 64IZV1481; 

70IJC499; 72JMC1203; 73BRP1331059, 73GEP2241241; 74CPB243; 
76GEP2264979; 77GEP2648770; 79JHC1021; 81FRP2470132; 83JAP- 
(K) 198405, 83JAP(K) 198474, 83JAP(K) 198485; 87IJC(B)654 
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4- Aminothiazoles: 84JHC1361 

5- Aminothiazoles: 71JAP43792; 84JHC401 

3(5)-Aminopyrazoles: 50JOC779; 62CPB620; 68BRP1115254; 70CB- 

3252, 70GEP2028869; 71GEP2028828, 71GEP2123318, 71GEP2125631, 
71IJC201, 71SAP887; 72GEP2138528, 72GEP2138529, 72GEP2159600, 
72GEP2159601, 72JHC235, 72USP3669950; 73GEP2237765, 73GEP- 
2257547, 73GEP2258687, 73GEP2261444, 73JAP(K)81892; 74AP177, 
74BRP1351775, 74FRP2200003, 74GEP2333603, 74GEP2346466, 74GEP- 
2356684, 74USP3850546; 75GEP2446495, 75JMC312, 75USP3925388, 
75USP3928362, 75USP3928368; 76GEP2617157, 76USP3966746, 76USP- 
3979399, 76USP3983128; 77CP1003419, 77GEP2646670, 77GEP2648770, 
77IJC(B)349, 77USP4020072, 77USP4021556, 77USP4038283; 78IJC(B)- 
161; 81FES441; 82JMC235, 82JPR557; 83EUP70376, 83EUP94175, 
83EUP96995, 83GEP3309432; 84USP4448973; 85JHC601; 86EUP174832, 
86USP4563525; 87MI2; 88CJC420; 89EUP304001, 89JMC2561 

4-Aminopyrazoles: 76JCS(P 1)507; 77JAP(K)77086 

3,4-Diaminopyrazoles: 83JCS(P1)11 

2- Aminoimidazoles: 51BSB69; 59JOC779; 82IJC(B)1030 

3- Aminopyridazines: 68TL33; 71JOC2457; 72HC351; 78GEP2814777; 

80USP4231928; 85H1; 86MI6; 88JHC1535 

2-Aminopyrimidines: 58MI2; 59MI3; 60JA718; 62JOC306, 68AF1214; 

72JMC1203; 79GEP2758U5 

4- Aminopyrimidines: 67USP3320257; 68AF1214, 68JAP6227; 70- 
CPB1385; 71CPB1426, 71CPB1482; 72JOC3980, 72USP3673184; 75- 
JAP(K)58082; 76GEP2544369, 76USP3992380; 80CPB2148; 84JHC247; 
85JHC1469, 85JHC1735; 87JAP(K)142177, 87MIP6; 88JAP(K) 183582; 
89JHC1089; 90JHC1963 

5- Aminopyrimidines: 67JCS(C)1745, 67USP3320257; 68AF1214 

2- Aminopyrazines: 68JMC1045; 70T3069; 71IJC201, 72CB3118; 
73JAP(K)23798; 74CPB1864,74JAP(K)56996;75JAP(K)53394,75YZ1092; 
89EUP329126 

MONOCYCLIC AMINES WITH THREE HETEROATOMS 

3- Amino-1,2,4-oxadiazoles: 63JCS6028 

2-Amino-1,3,4-oxadiazoles: 67EGP56240; 70AP501; 86IJC(B)654; 

88IJC(B)293 
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3-Amino-1,2,5-oxadiazoles: 73 J PR791 

3,4-Diamino-l,2,5-oxadiazoles: 79KGS319 

3-Amino-l,2,4-thiadiazoles: 77JHC621 

5-Amino-l,2,4-thiadiazoles: 59JOC779 

2- Amino-l,3,4-thiadiazoles: 59JOC779; 64IZV1481; 73ABC1197; 

84GEP3346223; 85EUP150507; 86FES737, 86IJC(B)654; 87EUP238997 

3(5)-Amino-l,2,3-triazoles: 71JCS(C)2156 

3- Amino-l,2,4-triazoles: 48USP2449226; 49USP2476549; 62JCS2222; 
67JCS(C)503; 74GEP2327133; 77GEP2648770; 80JCS(P1)1347;82JMC420, 
85EUPI50507; 86GEP3602367; 87GEP3522463; 89IJC(B)242 

BICYCLIC AMINES WITH ONE HETEROATOM 
2-Aminocyclopenta[A]thiophene: 76GEP2447477 

2-Aminocyclopenta[</]thiazoIe: 81FRP2470132 

2-Aminobenzo[A]furan: 78BEP858479, 78MI3 

4- Aminobenzo[ A]furan: 70J MC1110 

5- Aminobenzo[A]furan: 69GEP1908542; 70GEP2021100, 70JMCI110; 

71BRP1240446, 71GEP2030899; 72LA55 

6- Aminobenzo[A]furan: 70GEP2021100, 70JMC1110; 71BRP1240446; 

75GEP2416519; 77MI4 

7- Aminobenzo[A]furan: 70GEP2021100, 70JMC1110; 71BRP1240446, 

71FRP2043498 


4- Aminobenzo[c]furan: 69FRP2002888 

5- Aminobenzo[c]furan: 71GEP2030899 

2- Aminobenzo[A)thiophen: 75GEP2435025 

3- Aminobenzo[ A] thiophen: 76J AP( K) 136698 

5- Aminobenzo[A]thiophen: 72LA55 

6- Aminobenzo[A]thiophen: 88AP241, 88MI5 

3-Aminoindole: 76JAP(K) 136698 

5- Aminoindole: 72LA55; 77MI4; 79KGS1084; 84MI2 

6- Aminoindole: 79KGS1084 
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7-Aminoindole: 75 JCS(P 1)2409 

2- Aminoisoindole: 86EUP174832 

4- Aminoisoindole: 87MI1 

5- Aminoisoindole: 87MI1 

3- Aminocyclopenta[c]pyridine: 83KGS 1279; 84KFZ931 

2- Aminocyclohepta[/>lpyrroles: 87BCJ1053 

3- Aminocoumarins: 77JHC1009; 80USP4210758; 81JHC697 

4- Aminocoumarins: 81JHC697 

6- Aminocoumarins: 67USP3313818 

2- Aminochromones: 78USP4117134 

3- Aminochromones: 78USP4066655; 81JHC697 

6- Aminochromones: 70GEP1936393; 72BRP1283900 

7- Aminochromones: 70GEP1936393; 82BRP1283900; 80GEP2943658 

3-Aminothiochromones: 85JHC89 

2- Aminoquinolines: 59MI3; 71IJC201; 72JMC1203; 74MIP1; 75- 

GEP2513930; 77GEP2628751, 77GEP2630469, 77USP4031217; 78GEP- 
2801248; 79MIP1, 79USP4175193; 85EUP174832 

3- Aminoquinolines: 50JOC1224; 67USP3300499; 72JAP35919; 88- 

GEP3628356 

4- Aminoquinolines: 50JOC1224; 58JCS828,70JMC230; 86EUP174832 

5- Aminoquinolines: 59MI3; 80JAP(K)69582; 86EUP174832; 88USP- 

4719302 

6- Aminoquinolines: 49JCS1017; 78JAP(K)28196 

7- Aminoquinolines: 86EUP174832; 88USP4719302 

8- Aminoquinolines: 46JA1320; 59MI3; 62JOC3878; 72JMC1203 

1-Aminoisoquinolines: 78USP4127720; 84JAP(K)172472; 85EUP- 

143001 

3-Aminoisoquinolines: 83KGS 1279; 84KFZ931; 88MI9 

5-Aminoisoquinolines: 83HCA620 

7-Aminoisoquinolines: 81EUP27904 
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BICYCLIC AMINES WITH TWO HETEROATOMS 

5-Aminofuro[2,3-A|pyridines: 77MI6 

2- Aminofuro[3,2-6|pyridines: 84G2II 

5-Aminofuro[3,2-6|pyri dines: 84CPB4914 

4- Aminobenzo(rf)-l,3-benzodioxoles: 79JMC1354 

5- Aminobenzo(d)dioxolanes: 66FRP4148; 68JMC160; 69FRP2002888; 
71GEP2033971, 71JHC357; 72JHS(P1)173; 76ACH91, 76GEP2534869, 
76JAP(K) 18440, 76JAP(K)86497, 76MIP4; 78USP4086236; 79MI3; 
83ACH241, 88MI7 

5- Amino-1,3-benzodithioles: 86MI339 

3- Amino-1,2-benzisoxazoles: 82JAP(K) 158789 

2- Aminobenzoxazoles: 68SAP7052; 72JMCI203; 73CPB2019; 79- 

JOC1811 

6- Aminobenzoxazoles: 74JAP(K)72297 

3- Amino-1,2-benzisothiazole-l, 1-dioxides: 70IJC499 

5-Amino-2,1-benzisothiazoles: JAP(K)61500; 74JAP(K) 18893; 75JAP- 

(K)84596 

5-Amino-2,l-benzisothiazole 1,1-dioxides: 74JAP(K)75596 

2- Aminobenzothiazoles: 68SAP7052, 68SAP7053, 68YZ1003; 71- 

JCS(C)2094; 72JMC1203; 73CPB2019, 73GEP2241241, 73JCS(P 1) 1588, 
73JHC769; 76GEP2264979; 79GEP2810863, 79JOC1811, 79SAP1053; 
81FRP2470132 

4- Aminobenzothiazoles: 77JAP(K)83596, 77JAP(K)125196; 79CPB1 

5- Aminobenzothiazoles: 74JAP(K)88882; 77JAP(K)125196; 79CPB1 

6- Aminobenzothiazoles: 71GEP2056224, 71GEP2119396; 73JAP(K)- 

23800; 75GEP2449544, 75JAP(K)46698, 76JAP(K)52094; 76CPB130, 
76CPB1050; 77JAP(K)83596, 77JAP(K)125196; 79CPB1 

7- Aminobenzothiazoles: 77JAP(K)83596, 77JAP(K)125196; 79CPB1 

3- Aminoindazoles: 76T493; 78GEP2822124; 80MI3 

4- Aminoindazoles: 78GEP2822124; 80MI3 

5- Aminoindazoles: 78GEP2822124, 78YZ1063; 79JAP(K)32496; 

80MI3 



362 


istvAn hermecz et al. 


[Sec.C 


6- Aminoindazoles: 77JHC1175, 78GEP2822124, 78JAP(K)119895, 78- 

JAP(K) 124299; 79USP4160093; 80MI3; 83JHC1351; 84MI2 

7- Aminoindazoles: 78GEP2822124; 80MI3 

2-Aminobenzimidazoles: 51BSB69; 72JMC1203; 73CPB2019, 73- 

JHC71; 78USP4072679, 78USP4109087, 78USP4109091; 79JOC1811 

5(6)-Aminobenzimidazoles: 75JHC1319; 78JAP(K)50197; 79JAP(K)- 

144398; 80JAP(K)28920; 82MI1; 86EUP187705; 88MI13; 89CCC- 
713; 89KFZ692 

2- AminopyrazoIo[l,5-a]pyridines: 77JAP(K) 17497, 77JAP(K)36695 

7-Aminopyrazolo[l,5-a]pyrimidines: 77GEP2650780 

7-Aitiino-7//-pyrrolo[2,3-</]pyrimidines: 75JHC1291 

3- Aminoimidazo[ 1,2-a Ipyridines: 81J HC1565 

2- Aminocycloheptal </| thiazoles: 81FRP2470132 

5- Amino-1,3-benzodioxanes: 72MI5 

6- Amino-1,3-benzodioxanes: 70GEP1936393; 72BRP1283900, 72CR- 

(D) 1583, 72GEP2139212, 72MI4, 72MI5 

7- Amino-l,3-benzodioxanes: 72MI4, 72MI5 

8- Amino-l,3-benzodioxanes: 72MI5 

6-Amino-1,4-benzodioxanes: 69FRP2002888, 69GEP1814187; 70GEP- 
1936393; 72BRP1283900; 73GEP2303496; 75KGS1663; 76JMC982; 81- 
JOC3846 


3- Amino-2//-l ,4-benzoxazines: 

6- Amino-4//-l,4-benzoxazines: 

7- Amino-4//-l,4-benzoxazines: 

3- Amino-2//-l,4-benzothiazines: 

5- Amino-2//-l,4-benzothiazines: 

6- Amino-2//-l,4-benzothiazines: 

7- Amino-2//-l ,4-benzothiazines: 

8- Amino-2//-l,4-benzothiazines: 
2-Amino-l,5-naphthyridines: 

4- Amino-1,5-naphthyridines: 


81USP42541 18 
88IJC(B)649 
78JAP(K)28196 
81USP4254118 
84MI5 
84MI5 
84MI5 
84MI5 
78MI7 
59JA6297 
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2-Amino-l,6-naphthyridines: 74JHC151 

2- Amino-1,8-naphthyridines: 71G129, 71 JCS(C)2985; 80FES1052 

3- Amino-l,8-naphthyridines: 78YZ1279 

8-Aminocinnolines: 51JOC1414 

2-Aminoquinazolines: 89JHC161 

4- Aminoquinazolines: 81EUP30156; 86JAP(K)50983 

6- Aminoquinazolines: 78JAP(K)147095; 79GEP2833018 

1- Aminophthalazine: 74CR(C)209 

7- Amino-1,4-benzodioxepines: 69G EP1814187 

2- Amino-3//-l, 4-benzodiazepines: 74GEP2400449 

BICYCLIC AMINES WITH THREE OR MORE HETEROATOMS 

4- Amino-2,1,3-benzothiadiazoles: 76KGS6I; 84MI2 

5- Amino-2,1,3-benzothiadiazoles: 74J AP( K.) 15498 

5(6)- Amino-lI/-benzotriazoles: 88MI13; 89CCC7I3 

2- Aminopyrido[3,2-</]thiazoles: 73JHC769 

3- Amino-l//-pyrazolo|3,4-6|pyridines: 77IJC(B)349; 87MI5 

3-Amino-l//-pyrazolo[3,4-^]pyrimidines: 89JCR(S)333 

5-Amino-li/-pyrazolo[3,4-6]pyridines: 81 MI 1 

5- Amino-l//-pyrazolo[4,3-6]pyridines: 81 MI 1 

5- Amino-3Ff-imidazo[4,5-6]pyridines: 86E U P174832 

3- Amino-4Ff-l,2,4-benzothiadiazine 1,1-dioxides: 89JHC473 

l-Aminopyrido[4,3-</]pyrimidines: 84KGS532 

6- Aminopurines (adenines): 86EUP174832 

4- Aminonaphthalimides: 86IJC(B)652 

TRICYCLIC AMINE WITH ONE HETEROATOM 

8- Amino-l,2,3,4-tetrahydrodibenzofurans: 69GEP1908542; 

70GEP2021100; 71BRP1240446 

1-Aminocarbazoles: 52JOC1501 

3-Aminocarbazoles: 52JOC1501; 87CPB425, 87FES641; 88MI6 
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3-Aminoacridines: 77JAP(K)3099,77USP4060527 

6- Aminomorphanthridines: 80JHC341 

TRICYCLIC AMINES WITH TWO HETEROATOMS 

2-Aminonaphtho[l,2-J]thiazoles: 68SAP7052, 68SAP7053; 70FRP- 

7834; 72JMC1203 

2- Aminonaphtho[2,l-rf]thiazoles: 68SAP7052, 68SAP7053; 85AP84 

3- Amino-9//-pyrido[3,4-6]indoles: 87MIP4, 87MIP5; 88IJC(B)484 

2-Aminobenzo[4,5]eyclohepta[rf]thiazoles: 69NKZ569 

2-Aminophenothiazines: 79JAP(K)30198 

4- Aminobenzo[A]quinazoline$: 86H 11 19 

2-Aminoperimidines: 89AP303 

11- Amino-5 /f-pyrrolo[2,l-c][l,4]benzodiazepines: 85CP1197242, 

85JHC305 

ll-Aminodibenzo(b,/)[l,4]thiazepines: 80JHC341 

ll-Amino-5f/-dibenzo(b,£)[l,4]diazepines: 80JHC341 

TRICYCLIC AMINES WITH THREE OR MORE HETEROATOMS 

6- Aminoimidazo[2,l-A]benzothiazoles: 81EUP21806 

7- Aminoimidazo[2,l-6]benzothiazoles: 81EUP21806 

8- Aminoimidazo[2,l-6]benzothiazoles: 81EUP21806 

8-Aminothiazolo[3,4,5-<fe]quinoxalines: 78JAP(K)28196 

7-Amino-1,2,4-triazolo[4,3-a]quinolines: 86EUP174833 

2-Aminoanthyridines: 74FES366 

2- Amino-1,3-dio\olo[f ]benzothiazole§; 73JHC769 

3- Amino-l,2,4-triazolo[3,4-6]benzoxazoles: 89H925 

3-Amino-ll/-pyrazolo[3,4-J]thieno[2,3-l>]pyridines: 83M1079 

TETRACYCLIC AMINES 

2-Aminopyrido[3,2,l-</,e]dibenzo(/>,/)[l,4]oxazepines: 74IJC252 
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D. Ring Systems Obtained by Ring Closure of 
Dialkyl Aminomethylenemalonates 

4-Hydroxypyridine-3-carboxylates: 75JHC1245; 77JHC477; 78JAP(K)- 

63382; 88EUP270494, 88GEP3808444 

4-Hydroxyquinoline-3-carboxylates: 39JA2890; 46JA1204, 46JA1232, 

46JA1264, 46JA1268, 46JA1277. 46JCS1033; 47JA371,47JA374, 47JA855, 
47JA1659; 48JA4063, 48JCS893; 49BRP627297, 49JA3236, 49JOC277; 
50JCS384, 50JCS464 , 50JCS607, 50USP2494801; 51JCE126; 52JA2637, 
52JPJ1112; 54JIC951; 55USP2719848; 56JCS3079; 57MI2; 58MI1,58MI4; 
59MU; 60CB642; 62MI2; 63BRP942524, 63MI2; 64BEP640906, 64IJC461; 
65BEP659237; 66BEP670520, 66FRP4148, 66JMC934, 66NEP2994; 67- 
USP3316147; 68BRP1120870, 68BRP1122715, 68FRP1531495, 68SAP- 
5655, 68SAP6075; 69BRP1147336, 69BRP1168105, 69FRP7375, 69FRP- 
2002888, 69GEP1815467, 69GEP1908262, 69JMC232, 69USP3472859; 
70CR(C)1189, 70FRP7611, 70FRP7731, 70FRP7975, 70FRP1581462, 
70GEP1925607, 70GEP2033969, 70JHC171, 70JMC870, 70MIP3; 71JHC- 
357; 72ACH351, 72ACH469, 72GEP2146675, 72GEP2224090, 72HCA- 
1319, 72JMC230, 72JMC235, 72JMC237, 72JMC937, 72MI3; 73AJC907, 
73CI(M)542, 73MI1, 73USP3755332; 74BEP819195, 74FRP2186244, 74- 
FRP2193822, 74GEP2246503, 74GEP2411523, 74GEP2421121, 74GEP- 
2431584, 74JAP(K)32933, 74JHC849, 74JMC137, 74NEP8800, 74NEP- 
11324; 75BRP1396681, 75GEP2343462, 75JAP(K)49286, 75JCS(P 1)2409, 
75JHC557, 75JHC1245, 75USP3907808; 76FES237, 76H1347, 76M13, 
76MI4, 76MI5, 76M1P1, 76PHA145, 76SZP578534, 76USP3976651, 76- 
USP3985753; 77GEP2705446, 77JAP(K)83596, 77JAP(K)125196, 77JMC- 
1001,77MI2, 77MI4, 77PHA223; 78JIC193, 78JMC268, 78JPR937, 78M14, 
78MI6, 78USP4123536, 78YZ1291; 79CPB1, 79EGP134225, 79GEP- 
2840910,79JAP(K)14978,79JAP(K)119484,79JHC1353,79LA387,79MI4, 
79M15, 79USP4137227; 80G155, 80GEP2856908, 80GEP2947948, 80GEP- 
3007006, 80GEP3008884, 80JAP(K)38364, 80JMC1358, 80NEP1752; 
81EUP22078, 81EUP28698, 81FRP2463771,81JAP(K)65874; 82CPB3517, 
82CPB3530, 82EUP55068, 82EUP62001, 82EUP67772, 82HCA2645, 
82IJC(B)444, 82JAP(K)116048, 82JAP(K)139014, 82JAP(K)203085, 82- 
JHC289, 82JMC57, 82MI5, 82USP4312870, 82USP4343804; 83ACH241, 
83EUP70767, 83EUP96214, 83FES219, 83JAP(K) 174367; 84BEP899399; 
85EUP134165, 85EUP153163, 85EUP155244, 85FES237, 85FRP2548664, 
85GEP3433924, 85JAP(K)28964, 85JAP(K)126271, 85JAP(K) 166678, 85- 
JAP(K)166681, 85JMC298, 85MIP1, 85NKK2054, 85SAP3954, 85USP- 
4533735, 85USP4560692; 86EUP168350, 86EUP172004, 86EUP179239, 
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86EUP183129, 86EUP184384, 86EUP195316, 86FES366, 86FRP2574- 
404, 86JAP(K)37771, 86JAP(K)65882, 86JAP(K)106557, 86JAP(K)- 
143363, 86JAP(K) 143364, 86JPS1185, 86KFZ313, 86M1339, 86MI4, 
86MI13, 86MIP3; 87EUP216345, 87EUP230053, 87EUP245054, 87FES3, 
87JAP(K)26272, 87JAP(K)263157, 87JHC399, 87MI6, 87MI7, 87MIP2, 
87USP4636506, 87USP4647566, 87YZ123; 88EUP259804, 88EUP293- 
071, 88JAP(K)239269, 88JHC1567, 88JPS458, 88M761, 88MI3, 88- 
MIP1, 88USP4777252, 88ZN(B)769; 89CCC506, 89EUP304158, 89JAP- 
(K)224362, 89JAP(K)265088, 89T889, 89USP4868305; 90JHC1177, 
90JMC1246 

4-Hydroxycyclopenta(6)pyridine-3-carboxylates: 75JHC1245 

4-Hydroxycyclohepta(6)pyridine-3-carboxylates: 55BRP723341; 59- 

NKZ75; 60NKZ295; 68NKZ620; 75JHC1245; 83USP4381304, 83USP- 
4382088 

4-Hydroxy cycloocta(A)pyridine-3-carboxylates: 88EUP270494 

4-Hydroxycyclodeca(6)pyridine-3-carboxylates: 88EU P270494 

4-Hydroxycyclododeca(6)pyridine-3-carboxylates: 88EUP270494 

2-Oxypyrrolo[l,2-a]pyrimidine-3-carboxylates: 80GEP3017625; 82- 

JHC909, 82MI4 

4-Oxopyrrolo[l,2-a]pyrimidine-3-carboxylates: 80GEP3017625; 82- 

JHC909, 82MI4; 85JCS(P2) 1881; 86SAP9289; 87FES787, 87JHC297 

4-Hydroxypyrrolo[2,3-6]pyridine-3-carboxylates: 75JCS(P 1)1910; 85- 

JHC1429; 89JHC1029 

7-Hydroxypyrrolo[3,2-/>]pyridine-6-carboxylates: 85JHC83; 89JHC- 

1029; 90JHC1201 

4-Hydroxypyrrolo[3,4-A]pyridine-3-carboxyIate$: 85JHC729 

4-Hydroxyfuro[2,3-6]pyridine-5-carboxylates: 66JHC202 

4-Hydroxythieno[2,3-6]pyridine-5-carboxylates: 75GEP2435025, 75- 

JAP(K)77393, 75JAP(K)77394; 76GEP2447477, 76JAP(K)48440, 76JAP- 
(K)101128; 77JHC807; 78BEP858479, 78M13; 80M14; 84EUP126970; 85- 
EUP161235; 87MI3 

7-Hydroxythieno[3,2-6]pyridine-6-carboxylates: 77JHC807; 78JCR- 

(M)4701, 78JCR(S)393; 82EUP46990, 82JAP(K)116077, 82JCR(M)4701, 
82JCR(S)158; 84EUP126970; 87T3295, 87USP4647566; 88EUP269295 
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4-Hydroxythieno[3,4-A]pyridine-3-carboxylates: 80JCR(S)4 

4-Oxoisoxazolo[2,3-a]pyridine-3-carboxylates: 82JAP(K) 158789 

4-Hydroxyisoxazolo[5,4-6]pyridine-5-earboxylates: 72AP833, 72GEP- 

2213076; 73GEP2237765,73GEP2301267; 74GEP2329809; 75USP3862947, 
75USP3912737, 75USP3925388; 88JHC231 

4- Hydroxyisothiazolo[5,4-A]pyridine-5-carboxylates: 80JHC717; 82- 

IJC(B)458 

5- Oxooxazolo[3,2-a]pyrimidine-6-carboxylates: 73BRP1331059 

5-Oxothiazolo[3,2-a]pyrimidine-6-carboxylates: 54JPJ966; 59JOC779; 

641ZV1481; 72JMC1203; 73BRP1331059, 73GEP2241241; 74CPB243; 
76GEP2264979; 77GEP2648770; 81FRP2470132; 86IJC(B)654 

4-Hydroxythiazolo[5,4-Z>]pyrimidine-5-carboxylates: 71JAP43792; 84- 

JHC401 

7-Hydroxypyrazolo[l,5-a]pyrimidine-6-carboxylates: 59J OC779; 62- 

CPB620; 70CB3252; 71IJC201; 73GEP2257547; 74API77; 75JMC312; 77- 
GEP2648770, 771JC(B)349, 77USP4021556; 81FES441; 82JMC235; 83- 
GEP3309432, 83JCS(P1)11; 85JHC601; 89EUP304001 

4- Hydroxypyrazolo[3,4-fc]pyridine-5-carboxylates: 68BRPI115254; 71- 

GEP2028828,71GEP2123318,71GEP2125631,71SAP887; 72GEP2138528, 
72GEP2138529, 72GEP2159600, 72GEP2159601, 72JHC235, 72USP366- 
9950; 73GEP2237765, 73GEP2258687, 73GEP2261444, 73GEP2301268, 
73JAP(K)81892; 74AP177, 74BRP1351775, 74GEP2346466, 74GEP- 
2356684, 74FRP2200003, 74USP3840546; 75GEP2446495, 75USP3925388, 
75USP3928362, 75USP3928368; 76GEP2617157, 76USP3966746, 76USP- 
3979399, 76USP3983128; 77GEP2646670, 77CP1003419, 77USP4020072, 
77USP4038281, 77USP4038283; 78IJC(B)161; 82JPR557; 83EUP94175, 
83EUP96995; 86USP4563525; 87MI2; 89JMC2561 

7-Hydroxypyrazolo[4,3-A]pyridine-6-carboxylates: 76JCS(P1 )507; 77- 

JAP(K)77086 

5- Hydroxyimidazo[l,2-a]pyrimidine-6-carboxylates; 51BSB69; 59JO- 

C779; 82IJC(B)1030 

5-Hydroxy-l,2,4-oxadiazolo[4,3-a]pyrimidine-6-carboxylates: 63JCS- 

6028 

5-Oxo-l,3,4-oxadiazolo[3,2-a]pyrimidine-6-carboxylates: 67EGP56- 

240; 70AP501; 86IJC(B)654; 881JC(B)293 
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5-Oxo[l,3,41thiadiazolo[3,2-a]pyrimidine-6-carboxylates: 59JOC779; 

64IZV1481; 73ABC1197; 84GEP3346223; 85EUP150507; 86FES737, 
86IJC(B)654; 87EUP238997 

5-Oxo[l,2,41thiadiazolo[4,5-a]pyrimidine-5-carboxylates: 59JOC779 

5-Hydroxy[l,2,4]triazolo[l,5-a]pyrimidine-6-carboxylates: 67JCS(C)- 

503 

7-Hydroxy-l,2,4-triazolo[l,5-a]pyrimidine-6-carboxylates: 67JCS(C)- 

503; 74GEP2327133; 77GEP2648770; 80JCS(P1)1347; 82JMC420; 85- 
EUP150507; 87GEP3522463 ; 88IJC(B)825 

7-Hydroxy[l,2,31triazolo[l,5-a]pyrimidine-6-carboxylates: 71JCS(C)- 

2156 

4-Hydroxythiopyrano[4,3-6]pyridine-3-carboxylates: 86EUP168350; 

87USP4647566 

4-Hydroxypyrano[4,3-6]pyridine-3-carboxylates: 86EUP168350; 87- 

USP4647566 

4- Hydroxy-1,5-naphthy ridine-3-carboxylates: 46J A1204,46J A1317; 54- 
JCS2357; 65USP3225055; 66MI2; 71JOC1331; 77GEP2607012, 77MI6, 
77USP4026881; 78BRP150%95, 78JOC133I; 79MIP3; 80YZ38; 81MI6; 
84JAP(K)93080; 85AJC459; 89EUP346207 

4-Hydroxy-l,6-naphthyridine-3-carboxylates: 50JOC1224; 57MI3; 65- 
USP3225055; 74GEP2362553, 74RC321; 76NEP9159, 76SAP4716; 82- 
CPB2399; 86EUP168350; 87USP4647566 

4-Hydroxy-l,7-naphthyridine-3-carboxylates: 54JOC2008; 56BRP743- 

901; 66BRP1022214; 69USP3429887; 70BRP1182369, 70USP3506668, 70- 
USP3517014; 81JHC941; 84EUP115469 

2-Oxopyrido[l,2-a]pyrimidine-3-carboxylates: 82JHC909, 82MI4 

4-Oxopyrido[l,2-a]pyrimidine-3-carboxylates: 48JA3348; 52JA5491; 

68JOC3015; 71IJC201, 71JCS(C)2735; 72AF815, 72MIP1, 72MIP2; 73- 
GEP2318821, 73MI2; 74MIP2; 75JHC427, 75MIP2; 76USP3960847; 
77GEP2648770, 77JCS(P1)789, 77MIP1; 79BEP873195; 80MIP2; 82JHC- 
909, 82MI4; 83KGS816; 84KGS799, 84S152; 85JHC481; 86EUP218- 
423; 88USP477252; 89TL1529 

Bis(3 - ethoxycarbony I-4-oxo-4//-pyrido[l,2-a]pyrimidin-9-y I)disuHides: 

89EUP329126 

4-Hydroxy-l,8-naphthyridine-3-carboxylates: 46J A1317; 48J A3348; 
62BEP612258; 66MU; 68USP3404153; 69CPB1832; 70BRP1208279; 71- 
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G129, 71GEP2108046; 72G253, 72GEP2125310, 72JMC1203; 73BRP132- 
2318, 73FRP2138216, 73MI2, 73MIP3; 74BEP819195, 74GEP2362553; 
75GEP2343462; 76MIP5, 76NEP3192; 77JAP(K) 139094, 77JCS(P1)789; 
78GEP2811483, 78KGS1671; 79BEP873195, 79GEP2855279; 79USP- 
4169092; 80EUP9425, 80JAP(K) 130980; 81JAP(K)46811, 81JAP(K)- 
131583; 82CPB2399, 82FRP2496663, 82FRP2500833, 82MI5; 84AJC1065, 
84CPB4914, 84FRP2531084, 84JAP(K)80683, 84JHC673; 85EUP153163, 
85EUP153828, 85EUP159174, 85JAP(K)112790, 85JHC481; 86EUP- 
172651; 87JHC215, 87JMC1622 

4- Oxopyrimido[l,2-A]pyridazine-3-carboxylates: 68TL33; 71JOC2457; 

78GEP2814777; 80USP4231928; 85HI; 86MI6; 88JHC1535 

5- Hydroxypyrido[2,3-c]pyridazine-6-carboxylates: 72JHC35 1 

4- Oxopyrimido[l,6-aJpyrimidine-3-carboxylates: 72JOC3980; 80CPB- 

2148; 82JHC1581; 90JHC1963 

5- Hydroxypyrido[2,3-*/]pyrimidine-6-carboxylates: 67USP3320257; 

70CPB1385; 71CPB1426, 71CPB1482; 72JOC3980, 72USP3673184; 73- 
JAP(K)8800, 73JAP(K)91093; 74GEP2341146; 76GEP2544369, 76USP- 
3992380; 77GEP2729661, 77JAP(K) 139094; 79GEP2856527; 82JHC1581; 
88JAP(K) 183582; 89JHC1089 

8-Hydroxypyrido[3,2-A]pyrimidine-7-carboxylates: 67JCS(C) 1745, 67- 

USP3320257 

4-Oxopyrazino[l,2-a]pyrimidine-3-carboxylates: 68JMC1045; 74CPB- 

1864; 75YZ1092; 89EUP32126 

8-Hydroxypyrido[2,3-A]pyrazine-7-carboxylates: 72CB3118; 73JAP- 

(K)23798; 74CPB1864, 74JAP(K)56996; 75JAP(K)53394, 75YZ1092 

4-Hydroxycyclopenta[4,5]thieno[2,3-6]pyridine-3-carboxylates: 76- 

GEP2447477 

4-Oxocyclopenta[ ^]thiazolo[3,2-a]pyrimidine-3-carboxylates: 81 - 

FRP2470132 

4-Hydroxycyclopentano[g]quinoline-3-carboxylates: 69SAP5212 

4-HydroxycycIopentano[A ]quinoline-3-carboxylates: 69S AP5212; 73- 

GEP2222818, 73GEP2222833 

6- Oxopyrrolo[3,2,l:i/‘ ]quinoline-5-carboxylales: 72MI3; 75 USP391 - 
7609; 78JAP(K)82799; 79GEP2914218, 79GEP2914258; 80JAP(K)145612, 
80JAP(K)149284; 82BEP891046, 82BEP891537; 83JAP(K)13585, 83- 
JAP(K)90511 
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9-Hydroxyfuro[2,3-/]quinoline-3-carboxylates: 70GEP2021100; 71- 

BRP1240446 

9-Hydroxyfuro[3,2-/]quinoline-3-carboxylates: 70GEP2021100, 70- 

JMC1110; 71BRP1240446, 71GEP2030899; 72LA55; 74GEP2335760 

9-Hydroxyfuro[3,4-/]quinoline-8-carboxylates: 71GEP2030899 

8-Hydroxyfuro[2,3-g]quinoline-7-carboxylates: 69GEP1908542; 70- 

GEP2021100, 70JMC1110; 71BRP1240446, 71GEP2030899; 72LA55; 74- 
GEP2335760 


5- Hydroxyfuro[3,2-g]quinoline-6-carboxy)ates: 

2416519 

4-Hydroxyfuro[3,4-g]quinoline-3-carboxylates: 

4-Hydroxyfuro[2,3-/i]quinoline-3-carboxylate$: 

6- Hydroxyfuro[3,2-/i]quinoline-7-carboxylates: 
JMC1110; 71BRP1240446 


70JMC1110; 75GEP- 

71GEP2030899 
70JMC1110 
70GEP202110, 70- 


4-Hydroxy-[l]benzothieno[2,3-6]pyridine-3-carboxylates: 75GEP24- 

35025; 78BEP858479, 78MI3 

4-Hydroxy-[l]benzothieno[3,2-6]pyridine-3-carboxylate$: 76JAP(K)- 

136698 


9-Hydroxythieno[2,3-/]quinoline-8-carboxylates: 88AP241, 88MI5 

9-Hydroxythieno[3,2-/]quinoline-8-carboxylates: 72LA55 

5-Hydroxythieno[3,2-g]quinoline-6-carboxylate$: 88AP24 1 

5- Oxothiazolo[3,2-a]quinoline-4-carboxylates: 82EUP58392 

9-Hydroxypyrrolo[2,3-/]quinoline-8-carboxyIates: 79KGS 1 084 

9-Hydroxypyrrolo[3,2-/]quinoline-8-carboxylates: 72LA55; 79KGS- 

1084, 84MI2 

8-Hydroxypyrrolo[2,3-g]quinoline-7-carboxylates: 77MI4 

4-Hydroxypyrrolo[3,4-^]quinoline-3-carboxylates: 87MI 1 

6- Hydroxypyrrolo[3,2-/t]quinoline-7-carboxylates: 75JCS(P 1)2409 

4-Hydroxypyrrolo[3,4-/i]quinoline-3-carboxylate$: 87MI 1 

4-Hydroxypyrido[3,2-6]indole-3-carboxylates: 76JAP(K) 136698 ; 85- 

ZOR432 
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4-Hydroxypyrido[2,3-a]indolizine-3-carboxylates: 85JHC817 

4-Oxocyclopenta[4,5|pyrido|l,2-a]pyrimidine-3-carboxylates: 83KG- 

S1279; 84KFZ931 

8-Hydroxy-l,3-dioxolo[4,5-g]quinoline-7-carboxylates: 66FRP4148; 

68JMC160; 69FRP2002888; 71GEP203397I, 71JHC357; 72JCS(P1)173; 
73GEP2227743, 73JAP6479; 74BEP819195, 74MI2; 76GEP2534869, 76- 
JAP(K)18440, 76JAP(K)86497, 76MIP4; 78USP4086236; 79MI3; 83- 
ACH241 


6-Hydroxy-l,3-dioxolo|4,5-/i]quinoline-7-carboxylates: 

888; 79JMC1354 

9-Hydroxy-l,3-dithiolo{4,5-/]quinoline-8-carboxylates: 

8-Hydroxy-l,3*dithiolo[4,5-g]quinoline-7-carboxylates: 

4-Oxofuro[3,2-Z»|pyrido[l,2-a|pvrimidine-3-carboxylates: 

4-Hydroxyfuro[3,2-Z»|-l,8-naphthyridine-3-carboxylates: 

8-Hydroxyfuro[2,3-g]-l,5-naphthyridine-7-carboxylates: 

4-Oxopyrimido[l,2-Z»|-l;2-benzisoxazole-3-carboxylates: 

158789 


69FRP2002- 

86M1339 

86M1339 

84CPB4914 

84CPB4914 

77MI6 

82JAP(K)- 


4-Oxopyrimido[l,2-Z»|benzoxazole-3-carboxylates: 72JMC1203; 73- 

CPB2019; 79JOC1811 

9-Hydroxyoxazolo[5,4-/|quinoline-8-carboxylates: 74JAP(K)72297 

4-Oxopyrimido[2,l-/>|benzothiazole-3-carboxylates: 68SAP7053, 68- 

YZ1003; 72JMC1203; 73CPB2019, 73GEP2241241, 73JHC769; 79JOC- 
1811; 81FRP2470132 

9-Hydroxythiazolo[4,5-/|quinoline-8-carboxylates: 74JAP(K)88882 

9-Hydroxythiazolo[5,4-/]quinoline-8-carboxylates: 71GEP2056224, 

71GEP2119396; 73JAP(K)23800; 75GEP2449544, 75JAP(K)46698 , 75- 
JAP(K)52094, 75JAP(KJ64298; 76CPBI30, 76CPB1050 

9-Hydroxyisothiazolo[4,3-/]quinoline-8-carboxy lates: 73 J AP( K )61 - 

500; 74JAP(K) 18893; 75JAP(K)84596 

8-HydroxyisothiazoIo[5,4-^]quinoline-7-carboxylates: 74JAP(K)75596 

8-Hydroxythiazolo[4,5-g]quinoline-7-carboxyJates: 75JAP(K)46698; 

76CPB1050; 77JAP(K)83596, 77JAP(K)125196; 79CPB1 
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8- Hydroxythiazolo[5,4-g]quinoline-7-carboxylates: 77JAP(K)125196; 

79CPB1 

6-Hydroxythiazolo[4,5-g]quinoline-7-carboxylates: 77JAP(K)83596, 

77JAP(K)125196; 79CPB1 

4-Hydroxy dipyrido[l,2-fe:3' ,2'-rf]pyrazole-3-carboxylates: 77J AP(K)- 

17497, 77JAP(K)36695 

4-Hydroxydipyrido[l,2-a:3',2'-</]imidazole-3-carboxylates: 81JHC- 

1565 

4-Oxopyrimido[l,2-A]indazole-3-carboxylates: 76T493; 78GEP2822- 

124; 80MI3 

4- Oxopyrimido[2,l-6]benzimidazole-3-carboxylates: 51BSB69; 72- 

JMC230; 73CPB2019, 73JCS(P1)1588, 73JHC71; 78USP4072679, 78USP- 
4109087, 78USP4109091; 79JOC1811 

9- Hydroxypyrazolo[3,4-/]quinoline-8-carboxylates: 77JHC1175; 78- 
GEP2822124, 78JAP(K)119895 , 78JAP(K)124299, 78YZ1158; 79USP- 
4160093; 80MI3; 83JHC1351; 84MI2 

9-Hydroxypyrazolo[4,3-/ Jquinoline-8-carboxylates: 78G EP2822124, 

78YZ1063; 79JAP(K)32496; 80MI3 

5- Hydroxypyrazolo[4,3-g]quinoline-6-carboxylates: 78YZ1158; 79- 

JAP(K)84596 

4-Hydroxypyrazolo[3,4-A]quinoline-3-carboxylates: 78GEP2822124; 

80MI3 

6- Hydroxy pyrazolo[4,3-A )quinoline-7-carboxy lates: 78G EP2822 1 24; 

80MI3 

9-Hydroxyimidazo[4,5-/]quinoline-8-carboxylates: 75JHC1319; 79- 

JAP(K)144398; 80JAP(K)28920; 82MI1; 86EUP187705; 87CCC2918; 
88MI11 

8- Hydroxyimidazo[4,5-g]quinoline-7-carboxylates: 78JAP(K)50197; 

89KFZ692 

6-Oxopyrido[3',2':4,5]thiazolo[3,2-a]pyrimidine-7-carboxylates: 73- 

JHC769; 74JAP(K) 15498 

9- Hydroxy-l,2,5-thiadiazolo[3,4-/]quinoline-8-carboxylates; 74JAP- 
(K) 15498 

6-Hydroxy-l,2,5-thiadiazolo[3,4-/jJquinoline-7-carboxylates: 76KG- 

S61; 84MI2 
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6- Hydroxypyrazolo[l,5-a]pyrido[3,2-e]pyrimidine-7-carboxylates: 77- 

GEP2650780 

4 - Hydroxypyrido[2',3':3,4]pyrazolo[l,5 - a]pyrimidine ■ 3 - carboxylates: 

77IJC(B)349 

9-Hydroxypyrazolo[3,4-/]-l,7-naphthyridine-8-carboxylates: 81 MI 1 

9-Hydroxypyrazolo[4,3-/]-l,7-naphthyridine-8-carboxylates: 81 MI 1 

9-Hydroxy-l,2,3-triazolo[4,5-/]quinoline-8-carboxylates: 87CCC2918; 

88MI11; 89FES619 

4-Oxocyclohepteno(g)thiazolo[3,2-a]pyriinidine-3-carboxylates: 81 - 

FRP2470132 

4-Oxocycloocteno(g)thiazolo[3,2-<j Jpyrimidine-3-carboxylates: 81 - 

FRP2470132 

8-Oxopyrazolo[5,4-</:2,3-a']dipyrimidine-7-carboxylates: 89JCR(S)- 

333 

4-Hydroxybenzo(/)quinoline'3-carboxylates: 39J A2890; 46J A1327; 

54JA2429; 67USP3324003, 67USP3324135; 72HCA1319 

4-Hydroxybenzo(g)quinoline-3-carboxylates: 67JOC3210; 69SAP- 

5212; 70GEP1912944 

4-Hydroxybenzo(A)quinoline-3-carboxylates: 46J A1327; 48JCS893; 58- 
MI 3; 67JOC3210; 69SAP5212; 70GEP1912944; 71JHC357; 72HCA1319; 
74JMC137 

l-Oxobenzo[iy lquinoline-2-carboxylates: 73GEP2264163; 74GEP24- 

15763; 76MIP3, 76USP3969463, 76USP3976651, 76USP3985753, 76USP- 
3985882; 77USP4001243, 77USP4014877; 79GEP2914218, 79GEP2914258; 
80JAP(K)38364, 80JAP(K)145612, 80JAP(K) 149284; 81BEP885605, 81- 
FRP2463771, 81FRP2476079, 81JAP(K)55388, 81JAP(K)59773; 82BEP- 
891046, 82BEP891537; 83EUP79162, 83JAP(K)90511, 83USP4380543, 
83USP4404207, 83USP4416884; 84EUP101829, 84EUP109284, 84EUP- 
109285, 84EUP119779, 84NEP1115, 84USP4443447; 85USP4524148; 
86EUP203795, 86MI14, 86USP4565872; 87EUP245913, 87JMC839 

7- Oxopyrido[l,2,3-</f Jbenzoxazine-6-carboxylates: 75 USP3883522; 

82EUP47005, 82JAP(K)203085; 83JAP(K)29789, 83JAP(K)52290; 84- 
CPB4907, 84EUP101829 , 84JAP(K) 122493, 84JAP(K)216890 , 84USP- 
4443447 ; 85JAP(K)126290; 86EUP184384, 86EUP206283, 86 JAP(K)- 
204188, 86JAP(K)246172, 86JAP(K)246188 
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l-Hydroxy-[l]benzopyrano[3,4-/>]pyridine-2-carboxylates: 77J HC- 

1009; 80USP4210758; 81JHC697 

4-Hydroxy-[l]benzopyrano[2-3-/>]pyridine-3-carboxylates: 78USP- 

4117134; 81JHC697 

4-Hydroxy-[l]benzopyrano[3,2-/>|pyridine-3-carboxylates: 78USP- 

4066655; 81JHC697 

9-Hydroxypyrano[3,2-/]quinoline-8-carboxylates: 67USP3313818 

9- Hydroxypyrano[2,3-g]quinoline-8-carboxylates: 70GEP1936393; 72- 

BRP1283900 

6- Hydroxypyrano[3,2-£]quinoline-7-carboxylates: 70GEP1936393; 72- 

BRP1283900; 80GEP2943658 

4-Hydroxybenzothiopyrano[3,2-/>]pyridine-3-carboxylates: 85JHC89 

7- Oxopyrido[l,2,3-<fe]-l,4-benzothiazine-6-carboxylates: 82JAP(K)- 

203085; 85JAP(K)208987; 87JMC465, 87USP4636506 

7-Oxopyrido[l,2,3-rfe]quinoline-6-carboxylates: 82 J A P(K)203085, 

82USP4348521; 87USP4636506 

4-Hydroxy-l,7-phenanthroline-3-carboxylates: 54JA1109; 59M13; 72- 

GEP2220294; 74JAP(K)55698; 80JAP(K)69582; 83JHC681; 84MI4 

10- Hydroxy-2,7-phenanthroline-9-carboxylates: 81EUP27904 

l-Hydroxy-4,7-phenanthroline-2-carboxylates: 49JCS1017 

4-Hydroxy-l,8-phenanthroline-3-carboxylates: 83HCA620 

4-Hydroxy-l,10-phenanthroline-3-carboxylates: 46JA1320; 59MI3; 62- 

JOC3878; 72GEP2220294, 72JMC1203; 78USP4123536; 83JHC681 

9-Hydroxypyrido[2,3-J?]quino(ine-8-carboxylates: 78J A P( K)28196 

4-Hydroxy pyrido| 3,2-j?|quinoIine-3-carboxylates: 72GEP2220294; 

88M761 

4-Hydroxybenzo[g]-l,5-naphthyridine-3-carboxylates: 50JOC1224; 

72JAP35919 

4-Hydroxybenzo( h | -1,6-napht hyridine-3-carhoxylates: 50J OC1224; 

58JCS828; 70JMC230 

4-Oxopyrimido[l,2-A]isoquinoline-3-carboxyIates: 83KGS1279; 84- 

KFZ931; 88MI9 
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4-Oxopyrimido[2,l-a]isoquinoline-3-carboxylates: 78USP4127720; 

84JAP(K) 172472; 85EUP143001 

4-Oxopyrimido[l,2-a]quinoline-3-carboxylates: 71IJC201; 72JMC- 

1203; 74MIP1; 75GEP25I3930; 77GEP2628751, 77GEP2630469, 77USP- 
4031217; 78GEP2801248, 78YZ1279; 79MIP1, 79USP4175193; 84S152 

4-Hydroxy cyclohepta[4,5]pyrrolo[2,3-ft|pyridine-3-carboxylates: 87- 

BCJ1053 

4-Oxocyclohepta|4,5]pyrrolo[l,2-a]pyrimidine-3-carboxylates: 87- 

BCJ1053 

10-Hydroxy-l,3-dioxino[4,5-/]quinoline-9-carboxylates: 72MI4, 72M15 

10-Hydroxy-l,3-dioxino|5,4-/|quinoline-9-carboxylates: 72GEP213- 

9212, 72MI4 

9-Hydroxy-l,3-dioxino[4,5-g|quinoline-8-carboxylates: 70GEP193- 

6393; 72BRP1283900, 72CR(D)I583, 72GEP2139212, 72MI5 

6- Hydroxy-l,3-dioxino[5,4-g|quinoline-7-carboxylates: 72M15; 77JA- 

P(K) 142098 

4-Hydroxy-l,3-dioxino[4,5-/i]quinoline-3-carboxylates: 72MI5 

7- Hydroxy-l,3-dioxino[5,4-/i]quinoline-8-carboxylates: 72MI5 

9-Hydroxy-l,4-dioxino[2,3-/lquinoline-8-carboxylates: 81JOC3846 

9-Hydroxy-l,4-dioxino[3,2-g]quinoline-8-carboxylates: 69FRP200- 

2888, 69GEP1814I87; 70GEPI936393 ; 72BRP1283900; 73GEP2303496, 
73JAP(K)6479; 75KGSI663; 76JMC982; 81JOC3846 

9- Hydroxypyrido[3,2-g]-l,4-benzoxazine-8-carboxylates: 78JAP(K)- 

28196 

10- Hydroxy-l,4-oxazino[3,2-/] quinoline-9-carboxylates: 881 JC( B)649 

9- Hydroxy-l,4-oxazino[2,3-j?lquinoline-8-carboxylates: 88IJC(B)649 

l-Oxopyrimido[2,l-c]-E4-benzoxazine-2-carboxylates: 81USP42- 

54118 

10- Hydroxy-l,4-thiazino[2,3-/]quinoline-9-carboxylates: 84MI5 

10-Hydroxy-l,4-thiazino[3,2-/]quinoline-9-carboxylates: 84M15 

9-Hydroxy-l,4-thiazino[2,3-g]quinoline-8-carboxylates: 84MI5 

6-Hydroxy-l,4-thiazino[3,2-g]quinoline-7-carboxylates: 84MI5 
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7- Hydroxy-l,4-thiazino[2,3-A]quinoline-8-carboxylates: 84MI5 

8- Hydroxy-l,4-thiazino[3,2-/i]quinoline-7-carboxylates: 84MI5 

l-Oxopyrimido[2,l-c]-l,4-benzothiazine-2-carboxylates: 81U SP- 

4254118 

10-Hydroxypyrazino [2,3-/]quinoline-9-carboxylates: 78J AP(K)- 

147095; 79GEP2833018 

7-Hydroxypyrido[3,2-/i]cinnoline-8-carboxylates: 51JOC1414 

l-Hydroxypyrido[3,2-/»]-l,5-naphthyridine-3-carboxylates: 78BAP509 

7-Hydroxypyrido[3,2-c]-l,5-naphthyridine-8-carboxylates: 59JA6297 

10-Hydroxypyrido[3,2-/]-l,7-naphthyridine-9-carboxylates: 78YZ- 

1279 


10-Hydroxypyrido[3,2-/]quinoline-9-carboxylates: 78J AP( K) 147095; 

79GEP2833018 

4-Oxopyrimido[2,l-a]phthalazine-3-carboxylates: 74CR(C)209 

l-Oxopyrimido[l,2-aJquinazoline-2-carboxylates: 89JHC161 

4-Oxopyrimido[l,2-c]quinazoline-3-carboxylates: 81E UP30156; 86- 

JAP(K)50983 

l-Oxopyrimido[l,2-a]quinoxaline-2-carboxylates: 77JCS(P 1)789 

l-Oxopyrimido[l,2-<z]-l,5-naphthyridine-2-carboxylates: 78MI7 

10-Oxopyrimido[l,2-a]-l,6-naphthyridine-9-carboxylates: 74JHC151 

10-Oxopyrimido[l,2-aJ-l,8-naphthyridine-9-carboxylates: 67G1274; 

69G677; 71G129, 71JCS(C)2985; 72G253 

4-Hydroxyanthyridine-3-carboxylates: 67G1274; 69G677; 71G129 

4- Oxopyrimido[l,2-/»J-l,2,4-benzothiadiazine-3-carboxylates: 89JHC- 

473 

7-Oxopyrido[l,2,3-e/]-l,5-benzoxazepine-6-carboxylates: 82JAP- 

(K)203085 

10-Hydroxy-l,4-dioxepino[2,3-g|quinoline-9-carboxylates: 69GEP- 

1814187 

l-Oxopyrimido[l,2-a]-l,4-benzodiazepine-2-carboxylates: 74GEP- 

2400449 

5- Oxo-l,3-dioxolo[4,5-g]thiazolo[3,2-a|quinoline-4-carboxylates: 82- 

EUP58392 
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9- Oxo-l,3-dioxolo[4,5-/lpyrido[2,l-A]benzothiazole-8-earboxylates: 73- 

JHC769 

4-Oxopyrimido[l,'2':l,5]-l,2,4-triazolo[3,4-/>]benzoxazole-3-carboxyIates: 

89H925 

l-Hydroxyindeno[2,l-/]quinoline-2-carboxylates: 51JA1844 

4-Oxopyrido[3,2,l-gA]carbazole-S-carboxylates: 79GEP2849158, 79- 

GEP2914218, 79GEP2914258; 80JAP(K)145612 

7-Oxo-17/,7ff-benzofuro[4,5,6-y lquinolizine-6-carboxylates: 79- 

JAP(K) 163598; 84CPB4923 

4-Hydroxy benzofuro|3,2-Alquinoline-3-carboxylates: 69GEP1908542; 

70GEP2021100; 71BRP1240446 

7-Oxo-l#7,7//-[l]benzothieno[4,5,6-i/|quinolizine-6-carboxylates: 

79JAP(K) 163598 

7-Oxo-l#7,7/f-[l|benzothieno[5,6,7-iy ]quinolizine-6-carboxylates: 

88AP241 

4-HydroxypyridoI2,3-a[carbazole-3-carboxyIates: 52JOC1501 

l-Hydroxypyrido[2,3-c]carbazole-2-carboxylates: 52JOC1501; 87FES- 

641 

4-Hydroxypyrido[3,2-ftlcarbazole-3-carboxylates: 52JOC1501; 87CPB- 

425 

10- Hydroxyindolo[4,3-./g]quinoline-9-carboxylates: 39JA2890 

7-Oxo-(l,3)-benzodioxolo[4,5,6-iy]quinolizine-6-carboxylates: 73G- 

EP2264163; 76USP3969463; 77USP4001243, 77USP4014877 

l-Oxo-(l,3)-benzodioxolo[4,5,6-i/]quinoline-2-carboxylates: 73G- 

EP2264163; 76USP3969463; 77USP4001243, 77USP4014877 

7 - Oxofuro [2,3 - h\ pyrido [1,2,3- de] -1,4- benzoxazine - 6- carboxylates: 

84CPB4923 

11 - Oxonaphtho [1', 2':4,5] thiazolo [3,2- a] pyrimidine -10 - carboxylates: 

68SAP7053; 72JMC1203; 85AP84 

8 - Oxonaphtho[2', l':4,5] thiazolo [3,2 - a] pyrimidine - 9 - carboxylates : 

68SAP7053 

l-Oxobenzimidazolo[4,5,6-y ]quinazoline-2-carboxylates: 79JAP(K)- 

154797 

4-Oxopyrimido[l',2':l,6]pyrido[3,4-/»]indole-3-carboxylates: 87MIP4 
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ll-Hydroxypyrido[3,2-g] thiazolo [3,4,5-rfe]quinoxaline-10-carboxylates: 

78JAP(K)28196 

4-Oxopyrimido[l,2 - a]pyrrolo[2,l - c] -1,4- benzodiazepine-3-carboxylates: 

85CP1197242, 85JHC305 

4-Hy droxy napht ho| 1,2-/]quinoline-3-carboxy lates: 54J PJ203 

l-Hydroxynaphtho[2,3-/]quinoline-2-carboxylates: 62MI2 

4-Hydroxynaphtho[ 2,3-A ]quinoline-3-carboxylates: 59MI2 

7-Oxonaphtho[l,2,3-/J]quinolizine-6-carboxylates: 84USP4456606 

4-Hydroxypyrido[2,3-c]acridine-3-carboxylates: 77JAP(K)3099, 77- 

USP4060527 

7-Oxopyrido[l,2,3-rfe]-4,7-phenanthroline-6-carboxylates: 88M761 

7-Oxopyrido[3,2,l-gA]-l,7-phenanthroline-6-carboxyIates: 88M761 

4-Hydroxy benzo(/)-l,7-phenanthroline-3-carboxylates: 72GEP222- 

0294 

4-Oxoisoquinoline[4,5-g]quinoline-3-carboxylates: 86IJC(B)652 

1- Oxo-l,4-benzodioxino[5,6,7-i j ]quinolizine-2-carboxylates: 73G- 

EP2264163; 76USP3969463; 77USP4001243, 77USP4014877 

4-1 lydroxy pyrido 12,3-/) lphenol hiazine-3-carboxy lates: 79J AP(K)30198 

ll-Oxopyrimido[l,2-a]perimidine-10-carboxylates: 89AP303 

4-Hydroxypyrido[2,3-6]anthrydine-3-carboxylate$: 74FES366 

4.9 - Dioxodipyrimido [1,2 - a : 1', 2' - c] quinazoline - 3,8 - dicarboxylates: 

81EUP30156 

4-Oxodibenzo(c,/)pyrimido[l,2-a]azepine-3-carboxylates: 80JHC341 

2- Oxodibenzo(c,/)pyrimido[l,2-a]azepine-3-carboxylates: 80JHC341 

4-Oxodibenzo(/),/)pvrimido[l,2-rf]-l,4-thiazepine-3-carboxylates: 80- 

JHC341 

4,ll-Dihydroxybenzo[l,2-/t:4,5-/t']diquinoline-3,10-dicarboxylates: 62- 

MI2 

4.10 - Dihydroxybenzo [l,2-A:5,4-/t'] diquinoline - 3,11 - dicarboxylates: 

59MI2 
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synthesis, 70-75 
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early work on, 5 
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hydrogenation. 300 
NMR spectra, 10 
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ultraviolet spectra, 9 
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Androstane derivative, A-ring thiazolo- 
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Anilines, reaction with 
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a-(methylthio)alkylidene-Meldrum’s acid, 

114 
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Anilines, A-trifluoroethyl-, EMME 

cyclizations with. 169. 180, 191, 192 
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338 
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319 
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cyclization, 137-197, 343 
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reaction with EMME, 38, 59, 154 
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Antibacterials, 1 
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derivatives, 337 
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rearrangement with nitrogen loss to 
arylaminomethylenemalonates, 140 
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cyclizations, thermal. 183 
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thermal, 137 
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carbonyl)-2-triazolines, 105 
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pyrrolinone formation, 264, 268 


B 

Benzamidines. reaction with EMME, 22 
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methoxycarbonylamino-, 324 
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alkylation. 304 
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338 
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338 
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cyclizations with, 195 
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carboxylate, 5,6,7,9,10,11-hexahydro- 

5,9,11-trimeihyl-l, 10-dioxo-, 172 
Benz(c</]indolium salts, 2-methylthio-, 
reaction with Meldrum’s acid, 128 
Benz[crf]indol-2(l/f)-one, 4-amino- 
cyclization with EMME, 202 
reaction with acetylmalonic ester. 83 
l,2-Benzisothiazol-3-aminomethylene- 
malonate 1,1-dioxide, reaction with 
morpholine, 319 

2.1- Benzisothiazoles, 5-amino-, EMME 
cyclizations with. 206 

1.2- Benzisothiazol-3(2//)-one 5,5-dioxide, 
5-amino-, EMME cyclization with, 194 

1,4-Benzodiazepines, malonate derivatives 
from, 128, 135, 332, 334 
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1.4- Benzodiazepines, amino-, EMME 
cyclizations with, 251 

1.5- Benzodiazepin-2-ones, 4-alkylamino-3- 
dimethylaminomethylene-, reaction 
with acetylmalonate, 290 

1.3- Benzodioxins, 5- and 8-amino-, EMME 
cyclizations with, 162 

[ 1,4]Benzodioxino[5,6,7-y]quinolizine-6- 
carboxylates, 2,3,10,1 l-tetrahydro-1,7- 
dioxo-, 169 

[l,3]Benzodioxolo[4,5,6-//]quinolizine-6- 
carboxylates, 2,3-dihydro-1,7-dioxo-, 
169 

Benzol 1 ,2-h :4 ,5-h ']diquinoline-3,10- 
dicarboxylate, 4,11-dihydroxy-. 153 
Benzo[l,2-/i:4,5-/i']diquinoline-3,10- 
dicarboxylate, 4,1 l-dihydroxy-7,14- 
dioxo-, 154 

1.3- Benzodithiole, 5-amino-, EMME 
cyclization with, 195 

Benzofurans, 5- and 6-amino-, EMME 
cyclizations with, 204 
Benzofuro[3,2-/i]quinoline-3-carboxylate, 
7,8,9,10-tetrahydro-4-hydroxy-, 154 
l//,7W-Benzofuro[4,5,6-(/]quinolizine-6- 
carboxylates, 2,3-dihydro-7-oxo-, 168 
l/f,7//-Benzofuro[4,5,6-</]quinolizine-6- 
carboxylates, 2,3-dihydro-1,7-dioxo-, 
172 

Benzo[/'][l,7]naphthyridine, 1-hydroxy-, 
253 

Benzo[i]-1,5-naphthy ridine-3-carboxylate, 
4-hydroxy-, 214 

Benzo[/i]-1,6-naphthyridine-3-carboxylates, 
4-hydroxy-, 140 

Benzo(/][ 1,7]naphthyridine-3-carboxylates, 
4-hydroxy-, 214 

[ 1 JBenzopyrano[3,2-*]pyridine-3- 

carboxylates, 4-hydroxy-10-oxo, 152 
Benzo[/i]pyrimido[ 1,2-c]quinazoline-2- 
carboxylate, 1-oxo-, 236 
Benzo[/i]quinoline, 4-hydroxy-, 253 
Benzo[/]quinoline-2-carboxylates, 
1-hydroxy-, 201 

Benzo[g]quinoline-3-carboxyIates, 
4-hydroxy-5,10-dioxo, 143 
Benzo[*]quinoline-3-carboxylates, 
4-hydroxy-, 143 

Benzo[/i]quinoline-3-carboxylates, 
4-hydroxy-5,6-dioxo-, 143 


Benzo[/i]quinoline-3-carbox ylic acid, 

1-ethyl-l,4-dihydro-4-oxo-, 162 
l//,3//-Benzo[y]quinolizine-2-carboxylates, 

5,6-hydro-l,7-dioxo-, 169 
Benzo[//]quinolizine-2-carboxylates, 6,7- 
dihydro- I -oxo-. 166, 167, 169 
Benzo(//]qiiinolizine-2-carboxylic acid, 6,7- 
dihydro-5-methyl-9,10- 
methylenedioxy-l-oxo-, 258 
Benzo[//]quinolizine-2-carboxylic acids, 6,7- 
dihydro-l-oxo-, 161, 162, 163, 257, 258, 
346 

1.2.4- Benzothiadiazine 1,1 -dioxides, 

EMME cyclizations with, 235 
reaction with EMME, 36 

2.1.3- Benzothiadiazole. 5-amino-, EMME 
cyclization with, 210 

2//-l,4-Benzothiazines, 3-amino-, EMME 
cyclizations with, 235 

1.4- Benzothiazines, 2,3-dihydro- 
EMME cyclizations with, 167, 171 
reaction with EMME, 49, 51 

1.3- Benzothiazin-4-one, 2-(Meldrum’s acid) 
derivative, 133 

2 H- 1,4-Benzothiazin-3(4 H )-ones, ar- 
amino-, reaction with EMME, 35 

1.4- Benzothiazin-4-yl derivatives, 2,3- 
dihydro-, 306 

Benzothiazoles. 2-amino- 
EMME cyclizations with, 248 
reaction with EMME and NaOH, 281 
Benzothiazoles, 5- and 6-amino-, EMME 
cyclizations with, 208, 209, 210 
Benzothiazole, 6-amino-2-methylthio-, 
reaction with 

dimethylaminomethylenemalonate, 77 
Benzothiazole-2-thione, 6-amino-, EMME 
cyclization with, 195 

Benzothieno[3,2-*]pyridine-3-carboxylate, 
4-hydroxy-, 149 

Benzothieno[4,5,6-i/]quino!izine-6- 

carboxylates, 2,3-dihydro-1,7-dioxo-, 
172 

Benzothieno(5,6,7-(/]quinolizine-6- 

carboxylates, 2,3-dihydro-7-oxo-, 172 
Benzol*(thiophene, 5-and 6-amino-, EMME 
cyclizations with, 204 
Benzo[*]thiophenes, 6-amino-2,3-dihydro-, 
reaction with EMME, 36 
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l-Benzothiopyran-4-ones, 3-amino-, 
reaction with EMME, 34 
[l]Benzothiopyrano[3,2-6]pyridine-3- 

carboxylates, 4-hydroxy- 10-oxo-, 152 
Benzotriazole, 5-amino-, EMME 
cyclizations with, 210, 211 
2//-Benzotriazole, 5-amino-2-methyl-, 
reaction with EMME, 37 
Benzotriazole, 5-(dicarboxyvinylamino)-, 
alkylation, 304 

1 -Benzotriazolylmethylenemalonic ester, 
289 

2//-I,4-Benzoxazines, 3-amino-, EMME 
cyclizations with, 234, 235 
1,4-Benzoxazines, 4-(dicarboxyvinyl- 
amino)^,3-dihydro-, 350 
1,4-Benzoxazines, 2,3-dihydro- 
EMME cyclizations with, 158 
reaction with 
EMME. 48. 49, 51 

Meldrum's acid and orthoformate, 116 
methoxymethylene-Meldrum's acid, 

113 

1,3-Benzoxazine-2,4-diones, (dicarboxy- 
vinylaminol-derivatives, 314 
3,l-Benzoxazin-4-one, 2-amino-, reaction 
with malonate, 136 

2//-l,4-Benzoxazin-3(4//)-ones. 6/7-amino-, 
reaction with EMME, 35 
Benzoxazole, 2-amino-, EMME cyclization 
with, 248 

Benzoxazole, 6-amino-, EMME cyclization 
with, 208 

3,4'-Biisoxazole-4-carboxylate, 5-hydroxy- 
5'-methyl-, 276 

Bis(dimethylamino)methylenemalonic 
ester, 93 

Bis-guanidinium salts, EMME cyclization 
with, 281 

Bis(methylthio)methylenemalonic ester 
diaminomethylenemalonates from, 340 
reaction with 
amidines, 97 
amines, 97 

6-aminopyrimidine-2,4-diones, 98 
3-amino-l,2,4-triazole, 98 
Blatta, see Cockroaches 
Boron trifluoride cyclization. forming BF 2 - 
chelates, 173, 225 
Bromination, see Halogenation 


Buquinolat, 2 

But-2-en-l-ylidenemalonate, 322 
By-products of 

arylaminomethylenemalonate 
cyclization, 138, 140 


c 

Calculations, theoretical, see Quantum 
chemical calculations 
Carbazole, 3-amino-, EMME cyclization 
with, 205 

Carbazole, 3-amino-1,4-dimethyl-, reaction 
with EMME, 38 

Carbazoles, hexahydro-, reaction with 
EMME, 50 

j3-Carboline, 3,4-dihydro-, 209 
j3-Carboline, 3-amino-, EMME cyclization 
with, 236 

j3-Carboline-3-carboxylate, 3,4-dihydro-, 

351 

6-Carboline-3-carboxy lates, 1 -aryl-1,4- 
dihydro-4-oxo-, 158 

Carbostyril, 5-amino-3.4-dihydro-, EMME 
cyclization with, 164 
Carboxymethylaminomethylenemalonic 
esters, Dieckmann cyclization, 273 
Carcinostatic silatrane derivative, 326 
Catalysis by salts of thermal cyclizations, 
141 

Cephalosporanic acid, pyridinium derivative 
of EMME condensation product, 325 
Cephalosporanic acid, 7-amino-, mixed 
anhydride acylation, 326 
Cephalosporin C, reaction with EMME, 24 
Cephalosporin aminomethylenemalonate, 
transesterification in, 296 
Cephalosporin C aminomethylenemalonate, 
reaction with thiols, 323 
Cephems, ^-amino-, acylation by a-acyl- 
Meldrum’s acid, 117 
Chlorination, see Halogenation 
Chloromethylenemalonates. reaction with 
anilines, 80 

thiazol-4-ylmalonic ester, 82 
trimethylsilyl ynamine, 82 
Chloroquin, 1 

Chromones, 3- and 7-amino-, EMME 
cyclizations with, 153 
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Ciprofloxacin, reaction with EMME, 45 
Cockroaches, 337 

Complexes, Ni(ll), Co(ll), Cu(II), with 1,2- 
bis(2,2-dicarboxyvinylamines), 325 
Conformation, aminomethylenemalonates, 9 
Conformational inversion in 

aminomethylenemalonates, 11 
Coumarins, 3- and 4-amino-, EMME 
cyclizations with, 152 
Coumarin, 6-amino-, EMME cyclization 
with, 202 

Crotonic ester, 3-amino-, EMME cyclization 
with, 275 

Crotononitrile, 3-amino-, EMME cyclization 
with, 275 

Cyanamide, reaction with EMME, 64 
Cyanogen, condensation with malonate 
ester, 88 

Cyclobutane-1,3-dimalonic ester, 2,2,4,4- 
tetraethoxycarbonyl-, reaction with 
ammonia, 108 

Cyclohepta[h]pyridines, 7- and 9-oxo-, 197 
Cyclohepta[h]pyrroles, 2-(2,2-dicarboxy- 
vinylamino)-, cyclization, 340 
Cyclohepta[b]pyrrole-3-carboxylate, 1,8- 
dihydro-8-oxo-, 197 

Cyclohepta[4,5]pyrrolo[2,3-6]pyridine-3- 
carboxylates, 4-hydroxy-, 340 
Cyclohepta[4,5]py rrolo[ 1,2-n)pyrimidine-3- 
carboxylates, 4-oxo-, 340 
Cyclohepta[4,5]pyrrolo[2,1 -t][ 1,2,4]- 

triazepine-4-carboxylates, 2,5-dihydro- 
5-oxo-, 290 

2,4,6-Cycloheptatrien-l-ones, amino- 
cyclization with EMME, 158 
reaction with EMME, 26 
l-Cyclohexen-3-ones, 1-amino-, reaction 
with EMME, 26 

Cyclopenta[/i]quinoline-3-carboxylates, 
4-hydroxy-7,8-dihydro-, 148 
Cyclopropane-1,1 -dicarboxylate, 2-aryl-3- 
nitro-, reaction with ammonia. 105 
N-Cyclopropyl N-arylamines, reaction with 
EMME, 42, 43 


D 

Dealkoxycarbonylation, of 
2-azacycloalkylidenemalonates, 330 


t-butyl aminomethylenemalonates, 329 
Decarboxylation, of 
amino-carboxylic acids on reaction with 
EMME, 29, 30, 32 
methylenemalonic ester, 99 
aminomethylenemalonic acids (esters), 
297, 317 

Decoquinat. synthesis, 182 
Dialkylsulflde 5,5-diimides, reaction with 
methylthiomethylenemalonates, 284 
methylthiomethylene-Meldrum’s acid, 

119 

Diaminomethylenemalonic ester 
cyclization with benzoyl chloride, 273 
synthesis, 340 

reaction with aryl isocyanates, 281 
Diazo-coupling reactions of 
anilinomalonates, 322, 323 
Dibenz[h,e]azepine, 6-amino-, reaction with 
EMME, 39 

Dibenz(h,e]azepine, 6-amino-, EMME 
cyclizations with, 251 
Dibenzo-diazepines, amino-, EMME 
cyclizations with, 251 
Dibenzo[i,f][ 1,4]diazepine, 11-amino-, 
reaction with EMME, 39 
Dibenzo|6,e][l,4]thiazepine, 11-amino-, 
reaction with EMME, 39 
Dieckmann cyclization of 

carboxymethylaminomethylene- 
malonates, 273 

Di(ethoxycarbonyl)glutaconic ester, 
reaction with amines, 5 
Dihydro-naphthoquinone derivatives, 
Fe(III) dehydrogenation, 302 
Dilactone, 14-membered di(enamine)-, 
formation, 2% 

Dimethylaminomethylenemalonic ester 
photo-oxidation, 303 
reaction with anilines, 77 
1,1 -Dimorpholinoethene, reaction with 
malonate, 93 

1,8-Dioxa-5,12-diazatetradeca-3,10-diene- 
2,9-dione, 3, lO-di(ethoxycarbonyl)- 
6,6,13,13-tetramethy 1-, 296 

1.3- Dioxane-4,6-dione, 2,2-dimethyl-, and 
derivatives, see Meldrum's acid and 
derivatives 

1.3- Dioxino[/i]quinolinecarboxylates, 
chloro-, 162 



SUBJECT INDEX 


435 


1.3- Dioxino-fused 4-hydroxyquinoline-3- 
carboxylates, 190, 191 

1.4- Dioxino-fused 4-hydroxyquinoline-3- 
carboxylates, 193 

1.3- Dioxolano-fused 4-hydroxyquinoline-3- 
carboxylates, 191, 192 

1.3- Dioxolo[g]quinoline-7-carboxylates, 

5,8-dihydro-8-oxo-, 192 

1.3- Dioxolo[6]quinoline-7-carboxylate, 
6-hydroxy-, 148 

Diphenylamines 

EMME cyclizations with, 158, 159, 184 
reaction with EMME, 44 

Diphenylaminomethylenemalonates, 

cyclizations 

attempted, unsuccessful, 139 
successful, 139, 158, 159, 184 

1.4- Dipole, formation, 1,3-thiazine from, 132 

Dipyrido[2,3-6:3',2'-g][l,8]naphthyridine-3- 

carboxylate, 6,1 l-dihydro-4-hydroxy-6- 
oxo-, 236 

Dipyrido[ 1,2-6:3',2'-t/]pyrazole-3-carbox- 
ylate, 4-hydroxy-, 247 

Dipyrimido[l,2-a:l',2'-c]quinazoline-3,8- 
dicarboxylate, 4,9-dioxo-, 234 

Di(l-pyrrolyl)methylmalonic ester, 
synthesis, 45 

Dipyrromethane-2-thione, reaction with 
chloromalonate, 129 

Dipyrromethan-2-ylidenemalonate, di-t- 
butyl-, decarboxyalkylation by TFA, 
329 

l,3-Dithiolo[4,5-/]quinoIine-8-carboxylate, 
9-hydroxy-, 195 


E 

Early work on aminomethylenemalonates, 5 

Electrochemical oxidation of 

diarylaminomethylmalonic ester, 100 

EMME, see Ethoxymethylenemalonic 
esters 

Enamines, N-t-butyl-, reaction with 
EMME, 70 

Enaminomethylenemalonic esters, 78 

Enoxacin, 2 

Eschenmoser sulfur elimination reactions, 
129 


Ethoxycarbonylation of glycine ester 
derivative, 314 

1-Ethoxyethylidenemalonic ester 
condensation with 
3-amino-4-benzyl-l ,2,4-triazole, 245 
2-amino-5-morpholino-1,3,4- 
thiadiazole, 246 

reaction with N-methylaniline, 43 
unreactivity with 1,2,4-triazolamine, 33 
Ethoxymethylenemalonate esters (EMME). 
reaction with 
amines, 19-66 

methyl group in 1,8-naphthyridine, 326 
Ethoxymethylenemalonate cyclizations, 
failed, with o-phenylenediamine 
derivatives, 169 

N-Ethylation by EMME, tetrahydro-1,7- 
phenanthroline. 168 

Ethylenediamines, reaction with EMME, 52 
Ethylenediamines, EMME derivatives, 
metal complexes of, 325 
Ethylenetricarboxylic esters, amino-, 88 


F 

Flash vacuum pyrolysis (f.v.p.) of 
aminomethylene-Meldrum's acid, 
259-271, 346-350 
Flumequine, 2, 163, 257, 347 
Flumequine, C-14 labeled, 164 
Formamide dimethyl acetal, N,TV-dimethyl-, 
reaction with malonate, 93 
Formamidines 
formation from 

aminomethylenemalonates, 319 
reaction with EMME, 60 
Formamidines, iV,/V'-diaryl-, 71, 72, 73 
Formamidinomethylenemalonamic ester, 
N.N.N', N'-tetramethyl-, 286 
Formimidates, N- aryl-, condensation with 
malonate, 84 

Furan, 2,5-dimethoxytetrahydro-, pyrrole 
formation using, 323 

Furazan, diamino-, reaction with EMME, 57 
Furazan di(carbohydrazide), reaction with 
EMME, 63 

Furo[2,3-6][ 1,4]benzoxazine, dihydro-, 
reaction with EMME, 51 
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Furo[3,2-6][l,8]naphthyridine-7-carbox- 
ylate, 2,3-dihydro-8-hydroxy-, 235 
Furo|2,3-6]pyridines, 2-amino-, reaction 
with EMME, 37 

Furo[2,3-6]pyridine-5-carboxylates, 

4- hydroxy-, 143 
Furo[3,2-6]pyridin-2-ylamino- 

methylenemalonate, 3-alkoxy- 
carbonyl-, hydrolysis, 2% 
Furo[2,3-h]pyrido[I,2,3-</<’)-1.4-benzox- 
azine-6-carboxylate, 2,3-dihydro- 
7-oxo-, 172 

Furo[2',3':5,6]pyrido[l ,2-a]pyrimidine-8- 
carboxylate, l,2-dihydro-9-oxo-, 235 
Furo[3,2-/]quinolines, tetrahydro-, reaction 
with EMME, 51 

Furo[2,3-/]quinoline-8-carboxylate, 
9-hydroxy, 204 

Furo[3,2-/]quinoline-8-carboxylates, 
9-hydroxy-, 204 

Furo[3,2-g]quinoline-6-carboxylate, 

5- hydroxy, 204 

Furo[2,3-/i]quinoline-3-carboxylates, 8,9- 
dihydro-4-hydroxy-. 148 
Furo[3,2-/i]quinoline-7-carboxylates, 2.3- 
dihydro-6-hydroxy-, 148 


G 

Glutaconic ester, 2,5-diethoxycarbonyl-, 
reaction with ammonia, amines, 98 

Glycine ester, reaction with EMME, 24 

Glycine ester, A/-(2,2-dicarboxyvinyl)-, 
ethoxycarbonylation, 314 

Gold's reagent, reaction with malonate. 

92 

Grignard reagents, reaction with 
bis(methylthiomethylene)-Meldrum’s 
acid. 120 

piperidinomethylenemalonates, 322. 

329 

Guanidines, EMME cyclization with, 280, 
281 

Guanidine, /V,/V'-di(methoxycarbonyl)-AT- 
(4-aminophenyl)-, oxidation/ 
cyclization, 324 

Guanidines, /V-methyleneamino-, reaction 
with EMME, 63 


H 

Halogenation of 

arylaminomethylenemalonates, 315 
Hydantoins. dicarboxymethylene- 
reaction with PhNCO, 289 
rearrangement, 271 
Hydrazines, reaction with 
acetylmalonate, 343 
EMME. 60 

Hydrazino groups, reaction with EMME, 

Hydrazinomethylenemalonates, 60 
Hydrazobenzene, reaction with EMME. 

62 

Hydrazones, reaction with EMME, 62 
Hydrogen bonding in 

aminomethylenemalonates, 10 
Hydrogenation, Hydrogenolysis, see 
Reduction 

Hydrolysis of aminoalkylidenemalonates, 
295 

Hydroxychloroquin, 1 
Hydroxylamines, reaction with 
acylmalonates, 343 

Hydroxylamines. 0-alkyl-, reaction with 
a-acyl-Meldrum’s acid, 117 
Hydroxylamines, A/-aryl-, -benzyl-, EMME 
cyclization with, 275 
Hydroxylamine, N-phenyl 
cyclization with EMME, 275 
reaction with formylmalonic ester, 83 


Imidate esters, reaction with Meldrum's 
acid, 118 

Imidazo[l ,2-a.'5,4-6']dipyridine-3- 
carboxylates, 4-hydroxy-, 151 
Imidazoles, 2-amino-, EMME cyclizations 
with, 241 

Imidazole, 5-amino-2-mercapto-1-methyl-, 
reaction with EMME, 66 
Imidazole-2,4-diones, 5-dicarboxy- 
methylene- 

reaction with PhNCO, 289 
rearrangement, 271 
2//-Imidazole-2-thione, 4-amino-l,3- 
dihydro-3-methyl-, reaction with 
EMME, 66 
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Imidazolidin-4-ylidenemalonates, 2,5- 
dioxo-, 135 

2-Imidazolinium, l-tosyl-3,4,4-trimethyl-, 
reaction with malonate, 107 
Imidazolium salts, 2-methylthio-4,5- 

dihydro-, reaction with malonate, 122 
Imidazo[4,5-b]pyridine, 5-amino-2,3- 
dimethyl-, reaction with EMME, 38 
Imidazo[ 1,2-c]pyrido[2,3-e]pyrimidinium 
ion, 1-methyl-, reaction with malonate, 
341 

Imidazo[ 1,2-a]pyrimidine-6-carboxylates, 
5,8-dihydro-5-oxo-, 241 
Imidazo[l,5-c]pyrimidine-8-carboxylates, 

1,2,3,5,6,7-hexahydro-l,3,5,7- 
tetraoxo-, 289 

Imidazo[l,2-c]quinazolinium ion, 1-methyl-, 
reaction with malonate, 341 
Imidazo[4,5-/]quinoline-8-carboxylates, 
9-hydroxy-, 210, 211 
Imidazo[4,5-/i]quinoline-7-carboxylate, 
6-hydroxy-, 151 

Imidazo[l,5-4][l,2,4]triazine-4-thione, 
reaction with bromomalonate, 130 
Imidoyl chlorides, reaction with malonate, 
5. 90 

Iminochlorides, cyclic, formation from 
lactim ethers, 122 

Iminophosphoranes, triphenyl-, formation 
from /3-chloro-imines, 100 
Indazole, 3-amino-, EMMEcyclization with, 
247 

Indazole, 6-(dicarboxyvinylamino)-, 
alkylation, 303 

1 l//-Indeno[2, l-/]quinolinc-2-carboxylates, 
1-hydroxy-, 197 

Indeno[l,2-b]quinolin-l I-one, 10-hydroxy-, 
339 

Indoles, 3-amino-, EMME cyclizations with, 
158 

Indoles, 5- and 6-amino-, EMME 
cyclizations with, 204-208 
Indolines reaction with EMME, 45, 46, 50 
Indolinemalonic acid, 3-spiro-cyclopentane, 
136, 333 

Indolizine-1- and -8-carboxylates, 
hexahydro-, 269 

Indolizine-6, 8-dicarboxylate, 1,2,3,5- 
tetrahydro-5-oxo-, 286 
Indolizin-2-ones, 3-ethylidene-5,6,7,8- 
tetrahydro-, 269 


Indolizin-l-ones, tetrahydro-, 265 
Indolizin-2-ones, 5,6,7,8-tetrahydro-, 268 
Indol-l-yl derivatives, 2,3-dihydro-, 306 
1-Indolylmethylenemalonates, cyclization, 
165 

Indolo[4,3-/g]quinoline-9-carboxyIate, 4,5- 
dihydro-10-hydroxy-5-oxo-, 202 
Infrared spectra 
alkyliminomethylketenes, 348 
aminomethylene-ketenes, 259, 261. 

267 

aminomethylenemalonates, 9 
C-formylketenimines, 348 
iminomethyl-ketenes, 259, 261. 267 
methyleneketenes. 348 
pyrrolidin-2-ylidene-malonic anhydride, 
267 

Insecticides 

m-aminobenzoic acid derivatives, 337 
(diethoxyphosphinyl)dialkylamino- 
methylenemalonates, 340 
phosphoryl(dimethylamino)methylene- 
malonates, 101 
Iodination, see Halogenation 
Isocyanates, aryl-, reaction with 
diaminomethylenemalonates, 281 
Isocyanate, chlorocarbonyl-, reaction with 
diaminomethylenemalonate, 284 
Isoindole-1,3-diones, 4/5-amino-, reaction 
with EMME, 37 

Isoindolinium salts, 2-methyl-, 329 
Isoindolinium salts, 2-methylthio-, reaction 
with Meldrum's acid, 126 
Isomerism, 5- vs. 7-substitution, etc., in 
4-hydroxyquinoline-3-carboxylate 
synthesis, 175-197, 344 
Isoquinolines, 1-amino-, EMME 
cyclizations with. 231 

Isoquinoline, l-amino-4-nitro-, reaction with 
EMME, 33 

Isoquinoline, 3-amino-4,5,6,7-tetrahydro-, 
reaction with EMME, 34 
Isoquinoline, 3,4-dihydro-l-methyl-, 

reaction with triafulvene derivative, 136 
Isoquinoline-l-acetic acids, 1,2,3,4- 
tetrahydro-, 287 

Isothiazolo[5,4-b]pyridine-3-carboxylates, 
4-hydroxy-, 145 

Isothiazolo[4,3-/]quinoline-3-carboxylate, 
4-hydroxy-, 206 
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Isothiazolo[5,4-£]quino)ine-7-carboxylate 
1,1-dioxide, 2,3-dihydro-8-hydroxy-3- 
oxo-, 194 

Isothiazolyl-thiazolaminomethylene- 

malonate, reaction with morpholine, 319 
Isothiocyanates, reaction with malonate. 95, 
131, 132, 339 

Isothiocyanate, aryl-, reaction with 
malonate, 339 

Isothiocyanates, /3-haloalkyl-, reaction with 
malonate, 131, 132 
Isothiosemicarbazones, reaction with 
EMME, 62 

Isothioureas, cyclocondensation with 
EMME, 65 

Isotope effects, kinetic, in H-transfer 
reaction, 264 

Isoureas, cyclocondensation with 
EMME, 65 

Isoxazoles, 3-amino-, EMME cyclizations 
with, 241 

Isoxazole-4-carboxylates, 3-alkyl-2,5- 
dihydro-5-oxo-, 343 

Isoxazole-4-carboxylates, 2,5-dihydro-5- 
formation, 275 

reaction with Vilsmeier reagent, 286 

3-Isoxazoline-4-carboxylates, 5-oxo-, 106 
5-Isoxazolones, 106, 275, 286, 343 
Isoxazolo[2,3-a]pyrimidine-6-carboxylates, 
7-oxo-, 241 

Isoxazolo[5,4-6]pyridine-3-carboxyIates, 

4- hydroxy-, 144 

Isoxazolo[2,3-c]quinazoline-l-carboxylate, 

5- aryl-2-oxo-, 272 


K 

Ketenes, aminomethylene- 
cyclization. 260, 263, 264 
formation, 259, 347 
rearrangements, 261, 262, 347 
Ketenes, aryliminomethyl-, intermediates in 
cyclization, 138 

Ketenes, 2-azacycloalkylidene-, generation, 
trapping, 267, 332, 248 >, 

Ketenes, iminomethyl-, generation, 
reactions, 259 


Ketenes, imidoyl-, formation, cyclization, 
260, 347 

Ketenimines. acyl-, 348 

Kinetic isotope effect in H-transfer, 264 


L 

Labeled (C-14) 4-hydroxy-1,5-naphth- 
yridine-3-carboxylate, 212 

Labeled N-15 semicyclic amidines, EMME 
cyclizations with, 239 

Labeling, deuterium, of 

cyclohexylaminomethyleneketene 
rearrangement, 260 

/3-Lactam, oxazolo-fused, formation, 
hydrolysis, 103 

/3-Lactams, see also Cephalosporin, 
Penicillin, derivatives 

Lactim ethers, condensation with malonate 
esters, 121 

Lithium aluminohydride reduction of 
arylaminomethylene malonate, 301 


M 

Malonamic esters, aminomethylene-, see 
Aminomethylenemalonamic esters 

Malonates, Malonic esters, for simple 
derivatives see the uninverted names 

Malonate, isopropylidene ester, and 
derivatives, see Meldrum’s acid and 
derivatives 

Malonic acid, 1-pyrrolylmethylene-, 

cyclization forming pyrrolizinone. 286 

Malonic anhydride, pyrrolidin-2-ylidene-, 
267 

Malonic ester, reaction with 
aryl isothiocyanate, 339 
1,3,5-triazine. 277 

Malonic ester, acetyl-, reaction with 
anilines, 83, 338 

Malonic esters, 2-acyl- 
condensations, 83 

reaction with 3-methyl-5-pyrazolinone, 
338 

Malonic ester, alkylideneisothiosemi- 

carbazidomethylene-, cyclizations, 282, 
283 
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Malonic ester, amino-, see Aminomalonic 

Malonic ester, aminomethylene-, see 
Aminomethylenemalonic ester 
Malonic esters, aminothiocarbonyl-, 
alkylations, 94 

Malonic ester, (a-amino-0,/3,/3-trichloro- 
ethylidene)- 

displacement of trichloromethyl by amine, 
320 

reaction with 3-aminopyrazoles, 289 
Malonic ester, (a-amino-/3,/3,0-trifluoro- 
ethylidene)-, 341 

Malonic esters, aryl(chloro)methylene-, 
reaction with aniline, 339 
Malonic esters, 2-azacycloalkylidene-, 120 
Malonic ester, benzothiazol-2-ylidene-, 

340 

Malonic ester, 1-benzotriazolylmethylene-, 
289 

Malonic ester, 

bis(dimethylamino)methylene-, 93 
Malonic ester, diaminomethylene-, reaction 
with chlorocarbonyl isocyanate, 284 
Malonic ester, a-di(l-pyrrolyl)methyl-, 
synthesis, 45 

Malonic esters, enamino-, 78 
Malonic ester, ethoxyethylidene-, see 
Ethoxyethylidenemalonic ester 
Malonic esters, 2-halo-, reaction with 
thiolactams, 129 

Malonic ester, (2-hydroxy-l,l-dimethyl- 
ethyDaminomethylene-, cyclodimer¬ 
ization, 296 

Malonic ester, A'-hydroxy-/V-phenyl- 
aminomethylene-, 83, 99, 275 
Malonic ester, a-morpholinoethylidene-, 94 
Malonic ester, (morpholino)-(4-nitro- 
phenyDmethylene-, 81 
Malonic ester, phenylthiomethylene-, 
reaction with benzylic azide, 101 
Malonic ester, (phenyl)-(l,2,4-triazol-l- 
yDmethylene-, 81 
Malonic esters, 

phosphorylaminomethylene-, 100 
Malonic esters, 

phosphoryl(dimethylamino)methylene-, 

101 

Malononitrile, condensation with malonate 
esters, 89 


Meldrum’s acid, reaction with 
acyl isothiocyanates, 119 
acylimidates, 118 
amines and orthoformate, 114 
heterocyclic systems, 117-128 
imidate esters, 117, 134 
Meldrum’s acid derivatives, hydrolysis/ 
mono-decarboxylation, 327, 330 
Meldrum’s acid, a-acyl- 
condensations with amines, 117 
deacylation by amines, 117 
Meldrum’s acid, acylaminomethylene-, 
decarboxylative cyclization, 255 
Meldrum’s acid, alkylaminomethylene-, 
pyrolysis, 347-350 
Meldrum’s acid, a-aminoalkylidene-, 
hydrolysis, ethanolysis, 327 
Meldrum’s acid, aminomethylene-, flash 
vacuum pyrolysis, 259 
Meldrum’s acid, aminomethylene 
derivatives, 108-120 
Meldrum’s acid, arylaminomethylene- 
cyclization with cyanomethyl compounds, 
275 

decarboxylative thermal cyclization. 

252 

Meldrum’s acid, 3-dialkylaminoprop-2-en- 
1-ylidene-, pyrolysis, 269 
Meldrum’s acid, 

di(cyclohexylamino)methylene-, 
hydrolysis, ethanolysis. 352 
Meldrum’s acid, 9,10-dihydrophenanthridin- 
9-ylmethylene-, pyrolysis, 267 
Meldrum’s acid, dimethylaminomethylene-, 
rotational barrier, 15 

Meldrum’s acid, 5-dimethylaminopenta-2,4- 
dien-l-ylidene-, pyrolysis, 270 
Meldrum’s acid, methoxymethylene-, 
reaction with 
aliphatic amines, 108 
aminoacids and derivatives, 109 
amino-heterocycles, 110 
anilines, 110 

benzimidazole-3-acetate, -3-acetonitrile, 
338 

indolines, 112 

lactim ethers, thioethers, 121 
tetrahydroquinolines, 113 
Meldrum’s acid, a-(methylthio)alkylidene-, 
reaction with anilines, 114 
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Meldrum’s acid, piperidinomethylene- 
pyrolysis, 264 

reaction with methyl Grignard, 329 
Meldrum's acid, pyrrolidin-2-ylidene-, 
pyrolysis, 267 

Meldrum's acid, ureidomethylene-, 
decarboxylative cyclization, 255 
Mesoionic fused thiazole, 129 
Metal complexes, Ni(II). Co(II), Cu(II), 
with 1,2-bis(2,2-dicarboxyvinylamines), 
325 

N-Methyleneaminoguanidines, reaction 
with EMME, 63 

Methyleneketenes, amino-, generation, 
reactions, 259, 263 

Methylenemalonate derivatives as N- 
protective group, 351 
Methylenemalonic ester, reaction with 
nitrosobenzene, 99 
Methylphosphinate, reaction with 
acetamidomethylenemalonate, 321 
Miloxacin, 3 

Morphananthridine, 6-amino-, EMME 
cyclizations with. 251 
Morpholine, reaction with 
arylaminomethylenemalonate, 319 
EMME, ethoxyethylenemalonate, 320 
Morpholine, N-amino-, reaction with 
EMME, 61, 292 

Morpholine, 3-oxo-, reaction with 
EMME, 64 

a-Morpholinoethylidenemalonic ester. 94 


N 

Nalidixic acid, 1, 2 

Naphtho[2,l-/]quinoline-2-carboxylate, 
1-hydroxy-, 202 

Naphtho[2,3-/i]quinoline-3-carboxylate, 
4-hydroxy-, 153 

Naphtho[2.3-/i]quinoline-3-carboxylate, 
4-hydroxy-7,12-dioxo-, 154 

l/7,7/7-Naphtho[l,2,3-i/]quinolizine-6- 
carboxylate, 2,3-dihydro-3-methyl-7- 
oxo-, 168 

Naphthoquinones, amino-, and dihydro¬ 
derivatives, reaction with EMME, 
34, 58 


Naphthoquinones, 2,2-di(ethoxycarbonyl) 
vinylamino-, cyclization, 143 

Naphthostyril, 3-amino- 
cyclization with EMME. 202 
reaction with acetylmalonic ester, 83 

Naphthothiazolamines, EMME cyclizations 
with, 249 

Naphtho[l,2-r/]thiazole, 2-amino-, reaction 
with EMME, 39 

Naphtho[2', I':4,5]thiazolo[3,2-a]pyri- 
midine-9-carboxylate, 8-oxo-, 249 

Naphtho[r,2':4,5]thiazolo[3,2-a]pyri- 
midine-10-carboxylate, 11-oxo-, 249 

2-Naphthylamines, EMME cyclizations 
with. 201 

2-Naphthy)aminomethylenemalonates, 
cyclization, 201 

Naphthyridines. formation by EMME 
cyclizations, 211-225 

1.5- Naphthyridines, 4-hydroxy-, 253 

1.6- Naphthyridine, 2-amino-, EMME 
cyclization with, 233 

1.7- Naphthyridine, 4-hydroxy-6, 8- 
dimethyl-, 253 

1.8- Naphthyridine, 2-acetamido-5- 
hydroxy-, 254 

1.8- Naphthyridines, 2-amino- 
EMME cyclizations with, 233 
reaction with EMME, 35 

1.8- Naphthyridine, 2-amino-5,7-dimethyl-, 
EMME reaction with, 326 

1.8- Naphthyridine 1-oxide, 5-hydroxy-2- 
methyl-, 255 

1.5- Naphthyridine-3-carboxylates, 

4-chloro-, 213 

1.5- Naphthyridine-3-carboxylates. 
4-hydroxy-, 212 

1.5- Naphthyridine-3-carboxylates, 5,8- 
dihydro-4-hydroxy-5-methyl-8-oxo-, 

212 

1.6- Naphthyridine-3-carboxylates, 
4-hydroxy-, 145, 200 

1.7- Naphthyridine-3-carboxylates, 
4-hydroxy-, 213 

1.7- Naphthyridine-3-carboxylate 3-oxides, 
4-hydroxy-, 213 

1.8- Naphthyridine-3-carboxy!ate, 

1 -cyclopropyl-1,4-dihydro-4-oxo-, 346 

1.8- Naphthyridine-3-carboxylates, 1,4- 
dihydro-4-oxo-, 223-225 
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],8-Naphthyridine-3-carboxylates, 
4-hydroxy-, 216-225 

1.8- Naphthyridine-3-carboxylic acids, I- 
cyclopropyl-1,4-dihydro-4-oxo-, 256 

1.8- Naphthyridine-3,7-dicarboxylate, 
4-hydroxy-, 220 

Nickel acetylacetonate, catalyst in 
condensations of 

malonates and lactim ethers, 121, 122 
malonates and nitriles, 89 

Nicotinic acid, see Pyridine-3-carboxylic 
acid 

Nitration of anilinomethylenemalonate, 322 

Nitriles, condensation with malonate 
esters, 87 

/3-Nitroenamines, from 

aminomethylenemalonates and 
nitromethane, 320 

Nitrosation/dealkoxycarbonylation of 
2-azacycloalkylidenemalonates, 335 

Nitrosobenzene, reaction with 
methylenemalonic ester, 99 

Nonlinear optical materials, 352 

Norfloxacin, 2 

Nuclear magnetic resonance (NMR) spectra 
of dimethylaminomethylenemalonate, 
340 

Nuclear magnetic resonance spectra 
carbon, of aminomethylenemalonates, 10, 
340 

nitrogen-15, of 

aminomethylenemalonates, 11 
proton, of aminomethylenemalonates, 10, 
340 


o 

Ofloxacin, 2 

Orotic acid derivatives, 271 

1.2.4- oxadiazole, formation from fused 
pyrimidine oxide, 107 

1.2.4- Oxadiazole, 3-amino-2,5-dihydro-5,5- 
dimethyl-2-phenyl-, EMME cyclization 
with, 245 

1.2.5- Oxadiazoles, see Furazans 

1,3,4-Oxadiazoles, 2-amino- 

EMME cyclizations with, 245 
reaction with EMME, 43 


1.3.4- Oxadiazol-2(3//)-imine, 3-methyl-5- 
phenyl-, reaction with EMME, 32 

[1.2.4] Oxadiazolo[4,3-a]pyrimidine-6- 
carboxylate, 1,7-dihydro-3,3-dimethyI- 
7-oxo-l-phenyl-, 245 

[1.3.4] Oxadiazolo[3,2-a]pyrimidine-6- 
carboxylates, 7-oxo-, 246 

Oxaldiimidoyl chloride, jV.N'-diaryl-, 
condensation with thiocarboxamide, 

131 

4-Oxa-1-thia-9b-azacyclopenta[c<7]phen- 
alene-9-carboxylate, 5,6-difluoro-8- 
oxo-, 272 

1.4- Oxazepin-5-ones, 2.3-dihydro-, 347 

1.3- Oxazine-5-carboxylates, 2-dimethyl- 
amino-6-oxo- 

methanolysis, 106 
synthesis, 286 

1.4- Oxazino-fused 4-hydroxyquinoline-3- 
carboxylates. 153, 196 

1.3- Oxazin-6-ones, 255 

1.3- Oxazin-6-one, 2-phenyl-4-methyl-, 
reaction with malonate anion, 107 

Oxazole, 2-amino-, EMME cyclization with, 
242 

Oxazolidine, /3-lactam-fused, formation, 
hydrolysis, 103 

Oxazolo[3,2-a]py rimidine-6-carboxy late, 
5-oxo-, 242 

Oxazolo[5,4-/)quinoline-8-carboxylate, 
9-hydroxy-2-methyI-. 208 

N-Oxidation of 2-pyridylaminomethylene- 
Meldrum's acid, 328 

Oxidation, electrochemical, of 

diarylaminomethylmalonic ester. 100 

Oxidation reactions of 

aminomethylenemalonates, 302 

cr-Oximinoacetates, by nitrosation/ 
dealkoxycarbonylation, 335 

Oxolinic acid, 2, 161, 163, 192 


P 

Pefloxacin, 2 

Penicillin derivatives, reaction with 
EMME, 24 

Peptide coupling on aminoacid methylene- 
Meldrum's acid derivatives, 329 
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Perimidine, 2-amino-, EMME cyclization 
with, 236 

Periplaneta, see Cockroaches 

1.7- Phenanthrolines, 4- and 10-hydroxy-, 
253 

1.7- Phenanthroline, octahydro-, reaction 
with EMME, 59 

1.7- Phenanthroiines, 7,8,9,10-tetrahydro-, 
EMME cyclizations with, 168 

1.10- Phenanthroline, 4-hydroxy-, 254 

4.7- Phenanthroline, 1-hydroxy-, 254 

4.7- Phenanthrolines, 1,2,3,4-tetrahydro-, 
EMME cyclizations with, 168 

1.7- Phenanthroline-3-carboxylate. 
4-hydroxy-, 146 

1.7- Phenanthroline-3-carboxylate, 7,8,9,10- 
tetrahydro-4-hydroxy-8-oxo-, 164 

1.8- Phenanthroline-3-carboxylate. 
4-hydroxy-, 146 

1.10- Phenanthroline-3-carboxylates, 
4-hydroxy-, 146 

2.7- Phenanthroline-9-carboxylate, 

10-hydroxy-, 203 

4.7- Phenanthroline-2-carboxylates, 

1-hydroxy-, 202 

1.7- Phenanthroline-3,9-dicarboxylate, I- 
ethyl-6-fluoro-l,4-dihydro-10-hydroxy- 
4-oxo-. 147 

1.7- Phenanthroline-3,9-dicarboxylates. 

4,10-dihydroxy-, 186 

1.10- Phenanthroline-3,8-dicarboxylates, 

4,7-dihydroxy-, 147 

4.7- Phenanthroline-2,9-dicarboxylate, 1,10- 
dihydroxy-, 186 

Phenothiazine, 2-amino-10-methyl-, EMME 
cyclization with, 197 
Phenylenediamines, reaction with 
EMME, 52, 59 

ff-ethoxymethyleneacetoacetic ester, 53 
o-Phenylenediamine 

metal complexes with EMME products. 
325 

reaction products from EMME and 
analogs, 288 

p-Phenylenediamine, EMME cyclization 
with, 187 
Phenylglycine 
reaction with EMME, 24 
use of derivative, 337 
Phosphine, bis-dimethylaminomethyl-di-t- 
butyl-, reaction with malonate. 341 


Phosphite, diethyl, reaction with 

acetamidomethylenemalonate, 321 
Phosphite, trialkyl-, reaction with /3-chloro- 
imines, 100 

Phosphonyl isothiocyanates, reaction with 
malonate, 96 

Phosphorus-containing derivatives, 321, 

340 

Photographic sensitizers, naphthothiazole 
derivatives, 337 
Photo-oxidation of 

dimethylaminomethylenemalonate to 
oxomalonate, 303 

Phthalazine. 1-amino-, EMME cyclization 
with, 234 

Phthalimides, 4/5-amino-/V-phenyl-. 

reaction with EMME, 37 
Pipemidic acid, 2 

Piperidine. /V-amino-, reaction with EMME. 
61, 292 

Piperidine, 4-amino-2,2,6,6-tetramethyl-, 
reaction with EMME, 24 
Piperidinomethylenemalonate, reaction with 
Grignard reagents, 322, 329 
Piperidin-2-ylidenemalonic acids, 6-oxo-, 
134 

Piromidic acid, 2 

Polyamines, reaction with EMME, 52 
Polymers, enamino-amides from EMME and 
diamines, 59 

Propenals, /3-enamino-, formation, 262 
Propene-1,1,3,3-tetracarboxylie acid, 
reaction with amines, 5 
Pyrano-fused 4-hydroxyquinoline-3- 
carboxylates, 190 

Pyrano[2.3,4-</ejquinoline, 5,6-dihydro-8,9- 
dimethoxy-, 259 

3//-Pyrano[3,2-/)quinoline-9-carboxylate, 
10-hydroxy-3-oxo-, 202 
Pyrano[2,3-g)quinoline-2,7-dicarboxylates, 
6-hydroxy-, 153 

Pyrano[2,3-/]quino!in-4-one, 10-hydroxy-, 
253 

Pyrazines, amino-. EMME cyclizations 
with, 225 

Pyrazinecarboxylic acis, 3-amino-, reaction 
with EMME, 29 

Pyrazino[l,2-a]pyrimidine-3-carboxylates, 
4-oxo-, 225 

Pyrazino[l,2-a]pyrimidin-4-one, 253 
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Pyrazinylmalonic ester, tautomerism, 14 
lH-Pyrazoles, 3-amino- 
EMME cyclizations with, 239, 240 
reactions with 

(a-amino-/3,/3,/3-trichloroethylidene) 
malonate, 289 
EMME, 32 

Pyrazoles, 4-amino-, EMME cyclizations 
with, 200 

lH-Pyrazoles, 5-amino-, EMME 
cyclizations with, 240, 241 
Pyrazoles, 4-cyano-5-ethoxymethylene- 
amino-, condensation with malonate, 85 
Pyrazole, 3,5-diamino-4-phenyl-, reaction 
with EMME, 19 

Pyrazole-4-carboxylates, 2-alkenyl-2,3- 
dihydro-3-oxo-, 292 

Pyrazole-4-carboxylates, 1,2-dihydro-2,5- 
dimethyl-3-oxo-, 343 
Pyrazole-4-carboxylates, 1,2-dihydro-5- 
methyl-3-oxo-, 343 

ltf-Pyrazole-4-carboxylates, 2,3-dihydro-3- 
oxo-, 7 

ltf-Pyrazole-4-carboxylate, 2(4),5-dihydro- 
5-oxo-, 277 

Pyrazole-4-carboxylate, 3-hydroxy-, 276 
2-Py razolin-5-one, 4-ethoxy carbonyl-1 - 
methyl-, 277 

Pyrazolin-5-ones, 1,4-polymethylene- 
bridged, 292 

Pyrazolium ylids, 2-spiro-cycloalkyl- 

4- ethoxycarbonyl-3-oxo-, 292 
Pyrazolo[3,4-e][l ,4]diazepines, malonate 

derivatives from, 128, 335 
Pyrazolo[l,5-a.-3,4-6']dipyridine-3- 
carboxylate, 4-hydroxy-, 247 
Pyrazolo[2,3-a:4,5-rf']dipyrimidine-7- 
carboxylate, 8,10-dihydro-4-methyl-2- 
phenyl-8-oxo-, 346 
Pyrazolo[3,4 -/][ 1,7]naphthy ridine-8- 

carboxylate, 9-hydroxy-1-phenyl-, 215 
Pyrazolo[4,3-/][l,7]naphthyridine-8- 

carboxylate, 9-hydroxy-3-phenyl-, 215 
Pyrazol-3-one, 1,2-dihydro-2-aryl-, 284 
3//-Pyrazol-3-one, 2,4-dihydro-5-methyl-, 
reaction with acylmalonates, 338 
Py razolo[5,1 -b] [ 1,3]oxazine-6-carboxy lates, 

5- oxo-, 338 

Pyrazolo[l ,5-a]pyridines, substituted, 
formation, 19, 32 


Pyrazolo[3,4-6]pyridine, 3-amino-4,5- 
dimethyl-, reaction with EMME, 38 
Pyrazolo[ 1,5-a]pyridine-1 -carboxylates, 

287 

Pyrazolo[3,4-16]pyridine-5-carboxylates, 

4- hydroxy-, 240, 241 
Pyrazolo[4,3-/>]pyridine-6-carboxy lates, 

7-hydroxy-, 200 

Pyrazolo[ 1,5-a]pyrido[3,2-e]pyrimidine-7- 
carboxylates, 6-hydroxy-, 151 
Pyrazolo[3,4-</]pyrimidine, 3-amino-4- 
methyl-6-phenyl-, EMME cyclization 
of, 346 

Pyrazolo[ 1,5-a]pyrimidine-3-carboxylates, 

2- amino-4-hydroxy-, 289 
Pyrazolol 1,5-a]pyrimidine-6-carboxylates, 

7-oxo-, 239 

Pyrazolo[l ,5-a]pyrimidin-7-one, 253 
Pyrazolo[3,4-/]quinoline-8-carboxylates, 
6-ethyl-6,9-dihydro-9-oxo-, 208 
Pyrazolo[3,4-/]quinoline-8-carboxylates, 
9-hydroxy-, 207 

Pyrazolo[4,3-/]quinoline-8-carboxylates, 
9-chloro-, 206 

Pyrazolo[4,3-/]quinoline-8-carboxylates, 
9-hydroxy-, 206, 207 
Pyrazolo[4,3-g]quinoline-6-carboxylates, 

5- hydroxy-, 207 

Pyrazolo[3,4-/t]quinoline-3-carboxylate, 
4-hydroxy-, 150 

Pyrazolo[4,3-/i]quinoline-7-carboxylate, 

6- hydroxy-, 150 

Pyrazolo[3,4-rf]thieno[2,3-6]pyridine, 

3- amino-, reaction with EMME, 40 
Pyridazines, 3-amino 

EMME cyclizations with, 230 
reaction with methoxymethylene- 
Meldrum’s acid, 111 

Pyridazine, 3-chloro-6-hydrazino-, reaction 
with EMME, 60, 289 

Pyridazine, 3-methylamino-6-morpholino-, 
reaction with EMME, 43 
Pyridazinium salts, 2-methyl-3-methylthio-, 
reaction with malonate, 125 
3-Pyridazinylmalonic ester, tautomerism, 14 
Pyridines, 2-alkylamino-, reaction with 
EMME, 43 

Pyridines, amino-, reaction with 
EMME, 28, 29, 34 
malonic ester and orthoformate, 74 



444 


SUBJECT INDEX 


Pyridines, 2-amino-, 

EMME cyclizations with, 215 
reaction with 

Meldrum’s acid and orthoformate, 116 
methoxymethylene-Meldrum’s acid, 
110 

Pyridine, 2-amino-, reaction with 
bis(methylthio)methylenemalonic 
ester, 97 

Pyridines-, 3-amino-, EMME cyclizations 
with, 211 

Pyridines, 4-amino-, EMME cyclizations 
with, 200 

Pyridine, 2-chloro-5-nitro, reaction with 
malonate, 125 

Pyridines, diamino-, reaction with 
EMME, 54 

Pyridine, 2,6-diamino-, EMME cyclizations 
with, 220, 221 

Pyridine 1-imines, reaction with EMME, 62 
Pyridine l-imines, N-(2,2-dicarboxyvinyl)-, 
cyclization, 287 

Pyridine 1-oxides, 3-amino-, EMME 
cyclizations with, 213 
Pyridine-2-acetic ester, 

alkoxycarbonylation, 136 
Pyridine-3-carbaldehydes, 1,4-dihydro-4- 
oxo-, 274 

Pyridine-3-carboxylate, 5-cyano-2,6- 
dihydroxy-, 276 

Pyridine-3-carboxylate, 5-cyano-2(?4)- 
hydroxy-6-methyl-, 275 
Pyridine-3-carboxylates, 4-hydroxy-, 

157 

Pyridine-3-carboxylate, 4-hydroxy-2- 
methyl-, 274 

Pyridine-3-carboxylates, condensed 
4-hydroxy-, formation, 20 
Pyridine-3-carboxylic acids, 2-hydroxy-, 70 
Pyridine-3,5-dicarboxylate, 1,2-dihydro-4- 
methyl-2-oxo-, 275 

Pyridinones, 3-amino-, EMME cyclizations 
with, 213 

Pyridin-2-ones, 3-amino-, reaction with 
EMME, 28 

Pyridin-4-ones, 3-formyl-, 274 
Pyrido[2,3-c]acridine-2-carboxylates, 

1-hydroxy-, 203 

Pyrido[ 1,2-a]azepin-9-one, 1,2,3,4- 
tetrahydro-, 269 


Pyridol 1,2-o]benzimidazole-1,3- 

dicarboxylates, 4,10-dihydro-4-oxo-, 
338 

7//-Pyrido[l ,2,3-4e]-1,4-benzothiazine-6- 
carboxylates, 2,3-dihydro-7-oxo-, 167, 
171 

Pyrido[3,2-/l[l,4]benzothiazine-9- 

carboxylate, 2,3-dihydro-10-hydroxy-2- 
oxo-, 196 

Py rido[2,3-#|-1,4-benzothiazine-8- 

carboxylates, 2,3-dihydro-9-hydroxy-3- 
oxo-, 196 

Pyrido[2,3-/i]-1.4-benzothiazine-9- 

carboxylates. 2,3-dihydro-10-hydroxy- 

3- oxo-, 196 

2//.8//-Pyrido[ 1,2,3-e/]-1,5-benzoxazepine- 
7-carboxylates, 3.4-dihydro-8-oxo-. 172 
7//-Pyrido[ 1,2,3 -de]- 1,4-benzoxazine-6- 
carboxylate, 9,10-difluoro-3- 
fluoromethyl-2,3-dihydro-7-oxo-, 139 
Pyridol 1,2,3 -de)- 1,4-benzoxazine-6- 

carboxylates, 2,3-dihydro-7-oxo-, 158, 
167, 171, 172, 173, 351 
Pyridol l,2,3-cie]-l ,4- benzoxazine-6- 

carboxylic acid, 2,3-dihydro-7-oxo-, 258 
Pyrido[3,2-/][ 1,4]benzoxazine-9- 

carboxylate, 2,3-dihydro-10-hydroxy-2- 
oxo-, 196 

Pyrido[2.3-j?]-l ,4-benzoxazine-8- 

carboxylates, 2,3-dihydro-9-hydroxy-3- 
0X0-, 1% 

Pyrido[3,2-jf][ 1,4]benzoxazine-8- 

carboxylate, l-acetyl-2,3-dihydro-9- 
hydroxy-, 196 

Pyrido[3,2-6]carbazole, 3-ethoxy-5,l 1- 
dimethyl-, 205 

Pyrido(2,3-a]carbazole-3-carboxylate, 

4- hydroxy-, 154 

Pyridol 3,2-h|carbazole-3-carboxy late, 
4-hydroxy-5,l 1-dimethyl-, 205 
Pyrido[2,3-r]carbazole-2-carboxylate, 

I-hydroxy-, 205 

3//-Pyrido[3,2,l-7'Jt]carbazole-2- 
carboxylates, 6b,7,8,9,10,10a- 
hexahydro-3-oxo-, 169, 258 
Pyrido|3,2-)i|cinnoline-8-carboxylate, 
7-hydroxy-4-methyl-, 148 
Pyrido[3,4-h]indole, 3-amino-, EMME 
cyclization with, 236 
Py rido[3,2-h]indole-3-carboxy late, 
4-hydroxy-, 149 
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Pyrido[2,3-a]indolizine-3-carboxylate, 

6.7.8.9- tetrahydro-4-hy droxy-9-oxo-, 

151 

Pyrido[3,2-c][l,5]naphthyridine-3- 
carboxylate, 4-hydroxy-, 147 
Pyrido[3,2-/][ 1,7]naphthyridine-9- 
carboxylate, 10-hydroxy-, 215 
Pyridol 1,2-a][ 1,8]naphthyridine-9- 

carboxylate,2-amino-5-methyl-IO-oxo-, 
and derivatives, 326 
Pyrido[3,2-6]-l,5-naphthyridine-3,7- 
dicarboxylate, 4,6-dihydroxy-, 214 
Pyrido[2,3-6][ 1,8]naphthyridine-3,7- 
dicarboxylate, 4,6-dihydroxy-, 221 
Pyridones, see Pyridinones 
Pyrido[2,3-i]phenothiazine-3-carboxylate, 
4-hydroxy-11-methyl-, 197 
Pyrido[2.3-6]pyrazine-7-carboxylates, 
8-hydroxy-, 225 

Py rido[2' ,3': 3,4]py razolo[ 1,5-a]pyrimidine- 

3.9- dicarboxylate, 4-hydroxy-, 249 
Pyrido[2,3-c]pyridazine-6-carboxylate 

2-oxide, 5-hydroxy-, 230 
Pyrido[2,3-</]pyrimidines, 5-hydroxy-, 253, 
347 

Pyrido[2,3-d]pyrimidine 3-oxide, 

4-(dimethylformamidino)-, reaction 
with malonate anion, 107 
Pyrido[ 1,2-a]py rimidine-3-carboxylates, 

4- oxo 

bond lengths and angles in, 218 
formation, 97, 120, 215, 219, 222, 232, 255 
rearrangement to 1,8-naphthyridines, 216 
Pyrido[ 1,2-a]pyrimidine-3-carboxylates, 

6.7.8.9- tetrahydro-2- and 4-oxo-, 238, 
239 

Pyrido[2,3-rf]pyrimidine-6-carboxylates, 

5- hydroxy-, 226 

Pyrido[3,2-d]pyrimidine-7-carboxylates, 
8-hydroxy-, 146 

Pyrido[2,3-4/pyrimidine-6-carboxylic acids, 
2-amino-5,8-dihydro-5-oxo-, 256, 257 
Pyrido[ 1,2-a]pyrimidine-3,x-dicarbox- 
ylates, 4-oxo-, 219 

Pyrido[ 1,2-a]pyrimidin-4-ones, 253, 254 
Pyrido[2,3-4]pyrimidinones, -diones, 
-triones, 67 

Pyrido[4,3-4]pyrimidin-4-one, 5-amino-l- 
benzyl-, reaction with EMME, 35 
Pyrido[3,2-g]quinoline-3-carboxylates, 1,4- 
dihydro-10-methyl-4-oxo-, 203 


Pyrido[3,2-g]quinoline-3,7-dicarboxylates, 
4,6-dihydroxy-, 186 
I HJH-Py rido[ 1,2,3-<fc]quinoxaline-6- 
carboxylates, 2,3-dihydro-7-oxo-, 167, 

171 

Pyrido[3,2-/]quinoxaline-9-carboxylate, 
10-hydroxy-, 203, 376 
Pyrido[3',2':4.5]thiazolo[3,2-a]pyrimidine- 
7-carboxylate, 2-methoxy-6-oxo-, 249 
2-PyridylmaIonic esters, tautomerism, 14 
Pyrimidines, amino- 
cyclocondensation with EMME, 67 
reaction with methoxymethylene- 
Meldrum's acid, 111 
Pyrimidine, 2-amino-, reaction with 
EMME, 29 
Pyrimidines, 4-amino- 
EMME cyclizations with, 226 
reaction with EMME. 29 
Pyrimidine, 6-amino-4-hydrazino-2-methyl-, 
reaction with EMME, 21 
Pyrimidine, 4-chloro-2-dimethylamino-, 
reaction with 

aminomethylenemalonate, 79 
Pyrimidines, diamino-, reaction with 
EMME, 21,56, 67 

Pyrimidines, [c,el-fused, ring-opening, 108 
Pyrimidines, 4-sulfonyloxy-, reaction with 
malonate, 125 

Pyrimidines, trifluoromethyl-, 280 
Pyrimidine-5-carboxylates, 4-amino-1-aryl- 
1,2,3 ,6-tetrahydro-2,6-dioxo- ,281 
Pyrimidine-5-carboxylates, 2-amino- 
3,4(1,6)-dihydro-4(6)-oxo-, 280 
Pyrimidine-5-carboxylates, 1,6-dihydro-6- 
oxo-, 22, 60, 277, 278 
Pyrimidine-5-carboxylates, 4-hydroxy-, 22, 
277, 278 

Pyrimidine-5-carboxylates, 1,2,3,4- 
tetrahydro-2,4-dioxo-, 279 
Pyrimidine-5-carboxylate, 1,2,3,6-tetra- 
hydro-l-(2-mercaptophenyl)-2.6-dioxo-, 
281 

Pyrimidine-2,4-diones, 6-amino-, reaction 
with bis(methylthio)methylenemalonic 
ester, 98 

Pyrimidine-2-thiones, reaction with 
malonate, 125 

Pyrimidin-4-ones, 5-ethoxycarbonyl-, 22,60, 
277, 278 
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Pyrimidin-4-ones, 5-(glycosylamino)-, 
reaction with EMME, 342 
Pyrimidinone-5-carboxylates, formation 
from EMME, 60, 65, 66, 277-279 
2- and 4-Pyrimidinylmalonic esters, 
tautomerism, 14 

Pyrimido-fused systems, oxo-, hydrolytic 
ring-of>ening, 102 

4//,6/10//-Pyrimido[ 1,2-a]azepine-3- 
carboxylate, 4-oxo-, 250 
Py rimido[ 1,2-a]azepine-3-carboxylates. 

4.6.7.8.9.10- hexahydro-4-oxo-, 239 
Pyrimido[ 1,2-a]benzimidazole-3-carbox- 

ylates, 4,10-dihydro-4-oxo-, 247, 248 
Pyrimido[ 1,2-6][ 1,2,4]benzothiadiazine-3- 
carboxylate 6,6-dioxides, 4-oxo-, 236 
Pyrimido[2, l-6]benzothiazole-3- 
carboxylates, 4-oxo-, 248 
Pyrimido[2,1 -h]benzothiazole-3- 

carboxylates, tetra-/hexahydro-4-oxo-, 
248, 249 

Pyrimido[2,l-/»]benzoxazole-3-carboxylate, 
4-oxo-, 248 

Pyrimidol 1,2-fc]indazole-3-carboxylate, 4,6- 
dihydro-4-oxo-, 247 

Pyrimido[ 1,2-a]indole-3-carboxylates, 1,2- 
dihydro-2-oxo-, 290 

Pyrimidol 1,2-fc]isoquinoline-3-carboxylates, 

7.8.9.10- tetrahydro-4-oxo-, 232 
Pyrimido[2,l-a]isoquinoline-3-carboxylates, 

4-oxo-, 231 

Pyrimidol 1,2-o][ 1,6]naphthyridine-9- 
carboxylate, 10-oxo-, 233 
Pyrimido[ 1,2-n][ 1,8]naphthyridine-9- 
carboxylates, 10-oxo-, 233 
Pyrimido[ 1,2-n][ 1,8]naphthyridine-2,9- 

dicarboxylates, 4-hydroxy-10-oxo-, 220 
Pyrimidol l,2-a]perimidine-10-carboxylate, 
11-oxo-, 236 

Pyrimido[2,l-n]phthalazine-3-carboxylate, 
4-oxo-, 234 

Pyrimido[ 1,2-6]pyridazine-3-carboxylates, 
4-oxo-, 230 

1//-Pyrimidol 1,2-6]pyridazine-3- 

carboxylate, 4,7-dihydro-4,7-dioxo-, 

146 

Pyrimido[ 1,2-fc]pyridazin-4-ones, 253 
Pyrimidol 2,1:6,1 ]pyrido[3,4-/>]indole-3- 
carboxylate, 4-oxo-, 236 
Pyrimido[ 1,6-n]pyrimidine-3-carboxylates, 
4-oxo-, 227 


Pyrimidol 1,6-a]pyrimidine-3-carboxylate, 
l,4-dihydro-4,6-dioxo-, 227 
Pyrimido(2,3-^/]pyrimidine-6-carboxylates, 

5,8-dihydro-5-oxo-, 229 
Pyrimido[2,3-</|pyrimidine-6-carboxylates, 
5-hydroxy-, 227 

Pyrimidol 1,2-n]pyrimidin-4-ones, 253 
Pyrimido[ 1,6-a]pyrimidin-4-ones, 347 
Pyrimidol 1,2-clpy rimidin-4-one, 
9-benzyloxy-, 253 

Pyrimido[l,2-n]quinazoline-2-carboxylate, 
5,6-dihydro-l,6-dioxo-, 233 
Pyrimidol 1,2-c]quinazoline-3-carboxylates, 
4-oxo-, 234 

Pyrimidol 1,2-c)quinazoline-3-carboxylic 
acid, 4-oxo-, hydrolysis. 103 
Pyrimidol 1,2-a]quinazolin-4-one, 253 
Pyrimidol 1,2-a]quinoline-2-carboxylates. 
l-oxo-, 230 

Pyrimidol 1,2-<j|quinolin- 1-one, 253 
Pyrimidol 1,2-n]quinoxaline-2-carbox y late, 

I-oxo-, 233 

Pyrimidol l',2':l,5][l ,2,4]triazolo[3 A-b]- 
benzoxazole-3-carboxylate, 4-oxo-, 250 
Pyrolysis, flash vacuum, of 

aminomethylene-Meldrum's acids, 
259-271, 346-350 

Pyrrole synthesis from primary amine, 323 
Pyrroles, amino- 

EMME cyclization with. 199, 237 
reaction with EMME, 31 
Pyrroles, 2-amino-, EMME cyclizations 
with, 237 

Pyrrole, 3-(dicarboxyvinylamino)-, 
acylation at C-2, 309 

Pyrrole-2,4-dicarboxylates, 3-hydroxy-, 273 
Pyrrole-2,4-dicarboxylates, 5-hydroxy-. 

274 

Pyrrolidine, N- amino-, reaction with 
EMME, 61, 292 

Pyrrolidine, 2-benzoylmethylene-4,4- 
dimethyl-, reaction with EMME, 66 
Pyrrolidine-2-thione, 3,5- and 4,5-dioxo- 
mono(ethylene acetal), reaction with 
bromomalonate, 130 
Pyrrolidin-2-ylideneacetate, EMME 
cyclization with, 286 
Pyrrolidin-2-ylidenemalonic acids 
formation, 133 
N-methylation, 333 
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Pyrrolidin-2-ylidene-Meldrum’s acid, N- 
methyl-, pyrolysis, 267 

1- Pyrrolines, 2-methyl-, 

ethoxycarbonylation, 133 

2- Pyrrolin-4-ones, 5,5-disubstituted, 263 
Pyrrotizine-2-carbonyl chloride, 1-oxo-, 286 
Pyrrolizine-l-carboxylate, tetrahydro-, 269 
5«-Pyrrolizine-3-carboxylate, 6,7-dihydro- 

2-hydroxy-, 268 

Pyrrolizin-2-one, 5,6-dihydro-, 267, 268 
Pyrrolizin-2-one, 3-ethylidene-5,6-dihydro-, 
269 

5//-Pyrrolo[ 1,2-«]azepin-2(3ff)-ones. 

6,7,8,9-tetrahydro-, 268 
5«-Pyrrolo[2,l-c][l,4]benzodiazepines, 11- 
amino-, reaction with EMME, 39 
Pyrrolo[2,1 -«]isoquinolin-1 -ones, 5,6- 
dihydro-, 265 

1 W-Pyrrol-3-(2//)-ones, 2,2-disubstituted, 
263 

Py rrolol 1,2-a]pyridine-6-carboxy late, 

8- benzoyl-1,2,3,5-tetrahydro-2,2- 
dimethyI-5-oxo-, 66 

Pyrrolol2,3-6]pyridine-5-carboxylates, 4,7- 
dihydro-4-oxo-, 237 
Pyrrolo[2,3-6]pyridine-5-carboxylates, 
4-hydroxy-, 237 

Pyrrolo[3,2-6]pyridine-6-carboxylates, 4,7- 
dihydro-7-oxo-, 345 
Pyrrolo[3,2-61pyridine-6-carboxylates, 
7-hydroxy-, 345 

ltf-Pyrrolo[3,4-6]pyridine-3-carboxylates, 
4,7-dihydro-4-oxo-, 200 
Pyrrolo[3,2-6]pyridine-3,6-dicarboxylates, 
7-hydroxy-, 199 

Pyrrolo(l,2-aJpyrimidine-3-carboxylales, 

1,4-dihydro-4-oxo-, 237 
Pyrrolo[l,2-fl]pyrimidine-3-carboxylates, 

2.6.7.8- tetrahydro-2-oxo-, 238 
Pyrrolo( 1,2-a]pyrimidine-3-carboxylates, 

4.6.7.8- tetrahydro-4-oxo-, 238, 239 
Py rrolo[2,3-tflpyrimidin-6-one, substituted 

7-amino-5,7-dihydro-, reaction with 
EMME, 61 

Pyrrolo[3,2-/]quinoline-8-carboxylate, 

9- hydroxy-, 204 

Pyrrolo[3,2-/i]quinoline-7-carboxylate, 
6-hydroxy-2-methyl-, 149 
6//-Pyrrolo[3,2.1-iyiquinoline-5- 
carboxylates, 6-oxo-, 165 


Pyrrolo[3,2,l-y]quinoline-5-carboxylic 
acids, 1,2-dihydro-6-oxo-, 257 
Pyrrolo[l,2-o]quinoxaline, 142 
Pyrrolylaminomethylenemalonates, 
hydrolysis, decarboxylation, 297 
Pyrrol-3-ylaminomethylenemalonates, 
synthesis, cyclization, 345 
2//-2-Pyrrolylidenemalonate, tetrahydro-, 
120, 126 

1-Pyrrolylmethylenemalonic acid 
cyclization to pyrrolizinone, 286 
synthesis, 44 


Q 

Quantum chemical calculations, on 
aminomethylenemalonates 
bond rotations, 11 
charge distribution, 14 
Quinazolines, 4-amino-, EMME cyclizations 
with, 234 

Quinazolines, 4-chloro-, reaction with 
malonate, 127 
Quinazoline, 2,4-diamino- 
EMME cyclization with, 234 
reaction with EMME, 58 
Quinazoline 3-oxide, 2-aryl-4-methylthio-, 
reaction with malonate, 272 
Quinazolin-4-one, 2-amino- 
EMME cyclizations with, 233 
reaction with EMME, 35 
Quinazolin-4-one, 3-amino-, 288 
Quinazolin-4( 1 H )-one, 2-cyano-1 -methyl-, 
reaction with malonate, 126 
Quinazolin-4-ylidenemalonate, 2-oxo- 
tetrahydro-, 136 

Quinolines, 3-acetyl-2,4-dihydroxy-, 83 
Quinolines, amino-, reaction with 
EMME, 33 

Quinolines, 2-amino-, EMME cyclizations 
with, 230 

Quinolines, 3-amino-, EMME cyclizations 
with, 214 

Quinolines, 2-anilino-, reaction with 
EMME, 44 

Quinoline- 7-chloro-4-ethoxy-, 138 
Quinoline, 4,6-diamino-2-methyl-, reaction 
with EMME, 58 
Quinoline, 4,8-dihydroxy-, 347 
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Quinolines, 4-hydroxy- 
mechanism of formation, 260 
synthesis, 252 

Quinolines, 1,2,3,4-tetrahydro- 
EMME cyclizations with, 162 
reaction with 
EMME, 46, 47, 50 
methoxymethylene-Meldrum’s acid, 
113 

Quinoline-3-carboxanilides. 4-hydroxy-, 
formation from aryl 
aminomethylenemalonates during 
thermal cyclization, 140 
Quinoline-3-carboxylates, 2-acyl-4- 
hydroxy-, 140 

Quinoline-3-carboxylic acids, I-alkyl-1,4- 
dihydro-4-oxo-, 162 
Quinoline-3-carboxy lates, 1 -aryl-1,4- 
dihydro-4-oxo-, 159 

Quinoline-3-carboxylic acid, 7-chloro-l- 
ethyl-l,4-dihydro-4-oxo-. 138 
Quinoline-3-carboxylates, 4-chloro-, 160 
Quinoline-3-carboxylates, 4-chloro-, 1,3- 
dioxano-fused, 190, 191 
Quinoline-3-carboxylates, 4-chloro-, 
pyrano-fused, 190, 191 
Quinoline-3-carboxylate, 4-chloro-6,7- 
diisobutyloxy-, 181 

QuinoIine-3-carboxylates, 1-cyclopropyl- 
1,4-dihydro-4-oxo-, 159, 160, 165 
Quinoline-3-carboxylate, 8-dialkylamino-4- 
hydroxy-, 142 

Quinoline-3-carboxyIates, 1,4-dihydro-4- 
oxo-, 163, 164, 186 

Quinoline-3-carboxylate, 1,4-dihydro-4-oxo- 
1-phenyl-, 139 

Quinoline-3-carboxylates, fluoro-4- 
hydroxy-, 343, 344 

Quinoline-3-carboxylate, 1,4,4a,5,6,7- 
hexahydro-4a-methyl-4-oxo-, 157 
Quinoline-3-carboxylates, 4-hydroxy-, 84, 
91,92,159 

Quinoline-3-carboxylates, 4-hydroxy- 
dihydrofuro-fused, 188, 189 
Quinoline-3-carboxylates, 4-hydroxy- 1.3- 
dioxano-fused, 190, 191 
Quinoline-3-carboxylates, 4-hydroxy-2- 
methyl-, 155, 187, 338 
Quinoline-3-carboxylate, 4-hydroxy-b- 
methyl-2-trifluoromethyl-, 341 


Quinoline-3-carboxylate, 4-hydroxy-2- 
methylthio-. 156 

Quinoline-3-carboxylates, 4-hydroxy-2- 
phenyl-, 140, 185 

Quinoline-3-carboxylates, 4-hydroxy-8-(I- 
pyrrolyl)-, 142 

Quinoline-3-carboxylates, 4-hydroxy-6- 
sulfamido-, 141 

Quinoline-3-carboxylate, 4-hydroxy-7- 
trifluoromethoxy-, 182 
Quinoline-3-carboxylates, 4-hydroxy-2- and 
8-trifluoromethyl-, 156 
Quinoline-3-carboxylates, 4-hydroxy-6,7- 
tri(tetra)methylene-, 187 
Quinoline-3-carboxylate, 5,6,7,8- 
tetrahydro-2-hydroxy-, 70 
Quinoline-3-carboxylates, 5,6,7,8- 
tetrahydro-4-hydroxy-5-oxo-, 157 
Quinoline 3-carboxylic acids, l,4-dihydro-4- 
oxo-, 164 

Quinoline-3-carboxylic acid, 4-hydroxy-2- 
phenyl-, 5 

Quinoline-2,3-dicarboxylates, 4-hydroxy-, 
140 

Quinoline-2,4-diols, 3-acetyl-, 155 
Quinolinium salts. 4-chloro-3-ethoxy- 
carbonyl-, 161, 173, 182 
1 J/-Quinolino[8.1 -6c][ 1,4]benzoxazepin-12- 
one, 5-amino-2,3-dihydro-, reaction 
with EMME. 41 

Quinolin-2-ones. 4-hydroxy-3-acetyl-, 

155 

Quinolin-2-one, 1-methyl-, condensation 
with malonate. 126 

Quinolin-4(l//)-one, 7-chloro-1-ethyl-, 

138 

Quinolin-4(l//)-ones, 2,3-dihydro-, reaction 
with EMME, 47, 51 

2//-Quinolizine-1-carboxylate, 3,4,6,7,8,9- 
hexahydro-, 269 

Quinoxaline, 2-amino-, EMME cyclization 
with, 233 

Quinoxaline, 6-amino-, EMME cyclization 
with, 203 

Quinoxaline, 2-chloro-, reaction with 
malonate, 126 

Quinoxalines, 1,2,3,4-tetrahydro-, EMME 
cyclizations with, 167, 171 
Quinoxaline-2,3-di(malonic ester), 1,2,3,4- 
tetrahydro-, 287 
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R 

Reaction times, dependence of product 
ratios on, 254 

Reactor type, effect on yields, products, of 
EMME cyclizations, 183 
Reactor, wiped-film, in 1,8-naphthyridine 
synthesis, 222 
Rearrangements, of 
alkylaminomethyleneketenes, 348, 350 
a-arylamino-0-diazo-ester to 0-enamino- 
ester, 140 

indolylnitrone with malonic ester, 99 
lactim ether to N-alkyllactam, 234 
pyrido[l,2-a]pyrimidin-4-ones to 

4-hydroxy-1,8-naphthyridines, 216 
Rectal absorption promoters, phenylglycine 
derivatives, 337 

Reduction of aminomethylenemalonates, 
300 

Ring-chain tautomerism, of Hdeoxyfruc- 
tosamino)-methylenemalonate, 17 
Ring size, effect of on EMME cyclization 
regiochemistry, 238 
Rosoxacin, 2, 184, 255 
Rotational barriers in 

aminomethylenemalonates, 
tabulated, 15 


S 

Salicylic acid, 4-amino-, reaction with 
EMME, 27 

Schiff bases, reaction with EMME, 70 
Schiff bases of aminomethylenemalonate, 
319 

Semicarbazide, reaction with EMME, 62 
Sensitizers, photographic, naphthothiazole 
derivatives, 337 
Silatrane derivative of 

aminomethylenemalonate, 326 
Silylation of amino(trifluoromethyl)- 
methylenemalonate, 315 
Solvents 
for cyclization 
acid-catalyzed, 158, 176 
thermal, 137, 141, 142, 176 
used in EMME condensations, 19 


Solvolysis of aminoalkylidenemalonates, 
295 

Structures from x-ray, see X-ray crystal 
structures 

Substituent effects on pyrido[l,2-a] 
pyrimidine rearrangement, 217 
Sugar amine derivatives, ring-chain 
tautomerism in, 17 
Sugar derivatives of 

aminomethylenemalonates, 298 
Sulfamides, reaction with EMME and 
analogs, 66, 285 

Sulfide diimides, methylene-Meldrum’s acid 
derivatives, hydrolysis, 328 
Sulfur extrusion reactions, 129 


T 

Tautomerism, of 
aminomethylenemalonates, 9 
1 -(deoxyfructosamino)methylene- 
malonate, 17 

pyrazinylmalonic ester, 14 
3-pyridazinylmalonic ester, 14 
2-pyridylmalonic ester, 14 
2- and 4-pyrimidinylmalonic esters, 14 

l,3,5-triazin-2-ylmalonic esters, 14 
see also Ring-chain tautomerism 

1, 10, 11, 12-Tetraazanaphthacene-3- 

carboxylate, 6,1 l-dihydro-4-hydroxy-6- 
oxo-, 236 

Tetrazole, 5-amino-, failed EMME 
cyclization, 247 

1,3,5-Thiadiazepin-2-ylidene malonates, 
6-oxo-hexahydro-, 132 

2/J-l,2,6-Thiadiazine 1,1-dioxides, 3,6- 
dihydro-3-oxo-, 285 

1 X\2,6-Thiadiazine-4-carboxylate, 1,1- 
dialkyl-3-oxo-, 284 

1,2,4-Thiadiazole, 3-amino-5- 

ethoxycarbonylamino-, failed EMME 
cyclization, 246 

1.2.4- Thiadiazole, 5-amino-3-methyl-, 
EMME cyclization with, 246 

1.2.5- Thiadiazole 1-oxide, 3,4- 
di(methylthio)-, reaction with malonate, 
124 

1,3,4-Thiadiazoles, 2-amino-, EMME 
cyclizations with, 246 
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1.3.4- Thiadiazoles, 2-methyIsulfonyl-, 
reaction with malonate, 123 

1.3.4- Thiadiazolium salts, 2-methylthio-, 
reaction with malonate, 123 

1.2.4- Thiadiazolo[4,5-a]pyrimidine-6- 
carboxylate, 3-methyI-5-oxo-, 246 

[l,3,4]Thiadiazolo[3,2-a]pyrimidine-6- 
carboxylates, 5-methyl-7-oxo-, 156 
[ 1,3,4]Thiadiazolo[3,2-a]pyrimidine-6- 
carboxylates, 7-oxo-, 245 
[ 1,2,5|Thiadiazolo[3,4-/i]quinoline-7- 
carboxylate, 6-hydroxy-, 151 
[ 1,3]Thiazeto[3,2-a][ 1,8]naphthyridine-3- 
carboxylate, 4-oxo-, 349, 351 
[ 1,3]Thiazeto[3,2-a]quinoline-3- 
carboxylate, 4-oxo-, 271 

1.3- Thiazet-2-ylidenemalonate, 3-aryl- 
cyclization, 271 

synthesis, 306 

1.4- Thiazino-fused 4-hydroxyquinoline-3- 
carboxylates, 153, 195 

1.3- Thiazin-2-ylidenemalonate derivatives, 
formation, 342 

1.3- Thiazin-2-ylidenemalonate, 5-acyl-3,6- 
dihydro- 

formation, 132 
hydrogenation, 333, 334 
Thiazole, fused mesoionic, 129 
Thiazoles, 2-amino-, EMME cyclizations 
with, 242 

Thiazoles, 2-amino-4,5-cycloalkano-fused, 
EMME cyclizations with, 248 
Thiazole, 5-amino-2-methylthio-, failed 
EMME cyclization, 243 
Thiazolecarboxylic acids, amino-, reaction 
with EMME, 32 

Thiazole-4-malonic ester, 2-amino-, reaction 
with chloromethylenemalonate, 82 
Thiazolidines, 2- di(methoxycarbonyl)- 
methylene- 

formation, 131, 132, 136 
hydrolysis/decarboxylation, 333 
C-methylation, 333 

1.3- Thiazolidin-2-ylidenema!onate, 
cyclization, 272 

Thiazolium salts, 2-methylthio-, reaction 
with malonate, 123 
Thiazolo[4,3-c][ 1,4]benzoxazin-l- 
ylidenemalonate, 291 
Thieno[2,3-e]-1,4-diazepines, malonate 
derivatives from, 128, 335 


Thiazolo[5,4-6)pyridine5-carboxylates, 

4- chloro-, 4-hydroxy-, 145 
Thiazolo[3,2-alpyrimidine-6-carboxylates, 

2.3- dihydro-5-oxo-, 243 
Thiazolo[3,2-a]pyrimidine-6-carboxylates, 

5- oxo-. 99, 120, 242 

Thiazolo[3.2-a]pyrimidine-6-carboxyIates, 

5- oxo-2,3-cycloalkano-fused, 248 
Thiazolo[3,2-a]pyrimidin-5-one, 25 3 
5//-Thiazolo[3,2-o]quinoline-4-carboxylate, 

6(8),7-dihalo-l ,2-dihydro-5-oxo-, 180 
Thiazolo[3,2-a]quinoline-4-carboxylates, 

1,2-dihydro-5-oxo-, 272 
Thiazolo[5,4-/iJquinoline-7-carboxylates, 

6- hydroxy-, 150 

Thiazolo(4,3-6J-l,3,4-thiadiazolium salt, 
5-methylthio- 

hydrolysis/decarboxylation of Meldrum’s 
acid derivative, 329 
reaction with Meldrum's acid, 127 
Thiazolo[5,4-t/]thiazolium salt, 3,5-dialkyl-2- 
methylthio- 

hydrolysis/decarboxylation of Meldrum’s 
acid derivative, 329 
reaction with Meldrum’s acid, 127 
Thieno[2',3':3,4]cyclopenta[2,l-b]quinolin- 
4-one-, 5-hydroxy-, 339 
Thieno[2,3-6]pyridine-5-carboxylates, 
4-chloro-, 161 

Thieno[2,3-fc]pyridine-5-carboxylates, 

7- ethyl-4,7-dihydro-4-oxo-, 165 
Thieno[2,3-6]pyridine-5-carboxylates, 

4-hydroxy-, 143, 144 

Thieno[2,3-/]quinolines, hexa-, tetrahydro-, 
reaction with EMME, 51 
Thieno[2,3-/]-l,4-thiazepine-5(2//)-thione, 

3.4- dihydro-, reaction with 
bromomalonate, 130 

Thieno[2,3-/]-l,4-thiazepin-5-ylidene- 
malonate, 3,4-dihydro- 
hydrolysis/monodecarboxylation, 332 
synthesis, 130 

Thiochromones, 3-amino-, reaction with 
EMME, 34 

Thiocyanates, aryl, reaction with KCN and 
a-chloromalonic ester, 53, 97 
Thiocyanates, phosphonyl, reaction with 
malonate, % 

Thionmalonate cyclization, 231 
Thionyl chloride, reaction with carboxylic 
acid derivs, 316 
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Thiophenes, 2-(alkylamino)-, EMME 
cyclizations with, 165 

Thiophene, 3-oxotetrahydro-, reaction with 
aminomethylenemalonate, 79 
Thiophenecarboxylic acids, amino-, reaction 
with 

EMME, 30 

methylenemalonic ester, 99 
Thiopyran-4-one, tetrahydro-, reaction with 
aminomethylenemalonate, 79 
Thiosemicarbazide, reaction with 
EMME, 62 

2-Thiouracil, synthesis, 255 
Thioureas, cyclocondensation with 
EMME, 65 
Thiourea 

cyclization of methylene-Meldrum's acid 
derivative, 255 

reaction with methoxymethylene- 
Meldrum’s acid, 114 
Thiourea, N-(4-ethoxyphenyl)-, EMME 
reaction with, 324 

Transacylations, from a-acyl-Meldrum’s 
acid, 117 

Transesterification in 

aminoalkylidenemalonates, 295, 2% 
Triafulvenedicarboxylate, diphenyl-, 
reaction with 1-methyldihydro- 
isoquinoline, 136 

l,2,5a-Triazacyclohept[a]azulene-4- 
carboxylates, 2,5-dihydro-5-oxo-, 

290 

1.2.4- Triazines, 5-chloro-, reaction with 
malonate, 126 

1.3.5- Triazine, reaction with malonic ester, 
277 

1.3.5- Triazine, 2,4-bisdimethylamino-6- 
isocyano-, reaction with malonate, 

341 

1.3.5- Triazine-2,4-dione, 6-dimethoxy- 
carbonylmethylene-, 284 

1.3.5- Triazin-2-ylmalonates, 
tautomerism, 14 

1.2.3- Triazole, 4-amino-5-phenyl- 
EMME cyclization with, 243 
reaction with EMME, 32 

1.2.4- Triazoles, formation in EMME 
reactions, 282 

1,2,4-Triazoles, 3-amino- 
EMME cyclizations with, 243 


reaction with 

bis(methylthio)methylenemalonic 
ester. 98 
EMME, 32 

1,2,4-Triazole, 3-amino-4-benzyl-, 
condensation with 
ethoxyethylidenemalonate, 245 

1.2.4- Triazole, 3-amino-5-methylthio-, 
reaction with EMME, 19 

1.2.4- Triazoles, 4,5-dihydro-3- 
methylsulfonyl-, reaction with 
malonate, 124 

2-Triazoline-, l-benzyl-4,4- 

di(ethoxycarbonyl)-5-phenylthio-, 

101 

2-Triazolines, 4,4-di(methoxycarbonyl)- 
azomethine ylids from, 105 
hydrolysis, thermolysis, 103. 104 

1.2.4- Triazolo[3,4-b]benzoxazole, 3-amino-, 
reaction with EMME, 40 

1.2.4- Triazolo[4,3-b]pyridazine, 6-chloro-, 
289 

[ 1,2,3]Triazolo[ 1,5-a]pyrimidine-6- 
carboxylate, 4,7-dihydro-7-oxo-3- 
phenyl-, 243 

[ 1,2,4]Triazolo[ 1,5-a]pyrimidine-6- 
carboxylates, 3,5-dihydro-5-oxo-, 

245 

[ 1,2,4]Triazolo[ 1,5-a]pyrimidine-6- 
carboxylates, 3,7-dihydro-7-oxo-, 

245 

[ 1,2,4]Triazolo[ 1,5-a]pyrimidine-6- 
carboxylates, 4,5-dihydro-7-oxo-, 

244 

[1,2,4]Triazolo| 1,5-a]pyrimidine-6- 
carboxylates, 4,7-dihydro-7-oxo-, 

244 

[l,2,3]Triazolo[4,5-/i]quinoline-7- 
carboxylate, 6-hydroxy-, 151 

Trifluoroacetimidoyl chloride, reaction with 
malonate, 341 

Trifluoroacetonitrile, cyclization with 
malonic ester, 280 

Trimorpholinomethane, reaction with 
malonate, 93 

Triton B, catalyst in EMME reaction, 43 

Tropolones, tropones, amino- 
EMME cyclizations with, 158 
reaction with EMME, 26, 158 

Tryptamine and derivatives, reaction with 
EMME, 23, 290, 291 
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Tryptophan methylenemalonate derivative, 
cyclization with malonate elimination. 
351 


u 

Ultraviolet spectra, of 

aminomethylenemalonates, 9 
Uracil, synthesis, 255 
Uracil, 5-(2,2-diethoxycarbonylvinyl- 
amino)-, cyclization, 146 

EMME cyclization with, 279 
reaction with 
EMME, 65 

malonic ester and orthoformate, 76 
Urea, reaction with methoxymethylene- 
Meldrum's acid, 114 
Ureidomethylenemalonic esters, 
cyclization, 255, 279 
Urethane, ethyl, reaction with 
EMME, 64 


V 

Vilsmeier formylation of thienyl 
aminomethylenemalonate. 322 


Vilsmeier-Haack reactions with malonate 
ester, 92 

Vilsmeier reagent, reaction with 
5-isoxazolones, 286 


w 

Wiped-film reactor, use in naphthyridine 
synthesis, 222 


X 

X-ray crystal structures, of 
dimethylaminomethylenemalonate 
ester, 14 

dimethylaminomethylene-Meldrum’s 
acid, 340 

ethyl 4-oxoquinolizine-3-carboxylate, 218 
pyrido[ 1,2-oJpyrimidin-4-ones, 218 


Y 

Yields, dependence on reaction scale, 160 
Ylids, spiro-pyrazolium, 292 



